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EFFECT OF THE VESELOVSKOYE RESERVOIR ON SOILS 


OF ADJACENT AREAS 


S. A. VLADYCHENSKIY, Moscow State University 


This article presents results of investigations 
made in the summer of 1958 by the expedition of 
the Department of Physics and Soil Melioration, 
Moscow State University, at the Veselovskoye 
Reservoir (Rostovskaya Oblast') as part of the 
research by the department on the study of the 
effect of reservoirs on soils. 


The Veselovskoye Reservoir is located in 
the Manych River Valley between the Veselyy 
Farmstead and the Proletarskaya Station. The 
reservoir is about 100 kilometers long with a 
capacity of 900 million cubic meters. The 
reservoir was constructed in 1933. Following 
the Great Fatherland War the dam, which had 
been destroyed, was rebuilt. Water from the 
Kuban" River began to flow into the reservoir 
after the Nevinnomysskiy Canal had been con- 
structed. By means of this water the level of 
the Veselovskoye Reservoir reached the de- 
signed stage. The supply of water from the 
Kuban' was responsible for the desalinization 
of the Veselovskoye Reservoir; water minerali- 
zation in the reservoir dropped from 7.2 - 26.0 
to 1.1 - 1.3 grams per liter (2). 


The changes which had taken place in the 
water and salt regime of soils in regions ir- 
rigated by the Veselovskoye Reservoir are be- 
ing studied by the Southern Scientific Research 
Institute of Hydro-Engineering and Reclamation 
YuZhNIIGiM (1). The effect of the reservoir 
was not studied. To study this problem two 
profiles were laid out: one profile in the Pri- 
vol'nyy Farmstead district, Proletarskiy 
Rayon, Rostovskaya Oblast', and the second 
profile in the Pokazatel' Farmstead district, 
Veselovskiy Rayon, Rostovskaya Oblast’. 


The Privol'nyy profile was selected for 
showing the characteristics of the water and 
salt regime of soils where there were steep 
banks (average profile gradient was 0.12). Four 
profile numbers were laid out: 1) soil in 
transition from dark-chestnut to dark-colored 
meadow; 2) - 4) dark-chestnut soils; 3) dark- 


lparticipating, besides the author, were the stu- 
jJents of Moscow State University, L.A. Glukhova, 
N.A. Shklyarevskaya, and1I.G. Chaptykov. General 
Scientific guidance was entrusted to Professor N.A. 
<achinskiy. 
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colored soil of depressions. The results of 
profile studies are illustrated in Figures 1 and 
2 and in Table 1. 


From Figure 1 we see that the water table 
gradient runs from the reservoir deep onto dry 
land. The capillary rise reaches the surface 
only in a narrow littoral strip (measuring 
several meters). In the remaining portion of 
the profile the upper boundary of the capillary 
fringe is considerably deeper than the layer in- 
habited by roots. This also affects the charac- 
ter of the soil: signs of increased moisture 
(meadow formation) are seen only in Profile 
Number 1, with no signs detected in the re- 
maining profile numbers. 


During the observation period (in June), the 
reservoir level dropped. In 1958 the amplitude 
of reservoir level, according to data of Rostobl- 
vodkhoz, was equal to 85cm. If we assume 
that during the highest water level period the 
ground waters and capillary fringe rose to this 
point, then, the upper boundary of the capillary 
fringe could not reach the zone inhabited by 
roots. 


Prior to construction of the reservoir the 
ground-water level was several meters (as a 
minimum) lower, and the water table gradient 
was oriented towards the Manych Valley. The 
present water table state is the result of ground- 
water flow from the reservoir. But aftera 
period of ten years the water table at evena 
short distance from the shore did not rise to the 
water level of the reservoir. This indicates 
that water movement in the adjacent strip is 
negligible; the low value of the permeability co- 
efficient (8 x 10°° cm/per second) also proves 
this. 


The salt content of soils can be seen from 
Figure 2 and Table 1. Profile Numbers 1, 2, 
and 4, have the maximum salt content. In Pro- 
file Number 1 the maximum content is in the 
capillary fringe zone; in Profile Numbers 2 and 
4 it is above the capillary fringe. Hence, we 
can assume that the existing salt profile in Pro- 
files Numbers 2 and 4 is a residual of the water 
and salt regime which was predominant before 
the reservoir was built, and is not associated 
with the present-day water regime. The salts 
in the soil of Profile Number 3 have been leached. 


The ratio between chlorides and sulfates in 
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1 - Hydrogeological profile at the Privol'nyy Farmstead, 


June 21, 1958. Profile Numbers 1-4 


a - upper boundary of capillary fringe; b - reservoir level, 


(conditional zero); c - ground-water 
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Fig. 2 - Salt content and capillary rise. Profile Numbers 1-4 


a - ground water; b - capillary fringe 


Profile Number 1 decreases with depth; in Pro- 
file Numbers 2 and 4, on the other hand, the 
ratio increases downwards, that is, in Profile 
Number 1 (near the shore) secondary saliniza- 
tion takes place; in Profile Numbers 2 and 4 
salt distribution is normal for chestnut soils. In 
Profile Number 3 there are no noticeable 
changes in the ratio of Cl:S0,, which is the re- 
sult of its desalinization. 


Where there are steep banks and poorly per- 
meable soil materials, there is practically no 
submergence; only in a small zone along the 
water-edge measuring several tens of meters 
do we observe excessive moisture and meadow 
formation of soils. The salt regime of the ad- 
jacent area does not undergo substantial 
changes either, because only the narrow littoral 
strip is subject to a small degree of secondary 
salinization, which, however, after ten years 
from the date of construction of the reservoir, 
has not been appreciable. 


A second profile was laid out in the district 
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of the Pokazatel' Farmstead, Veselovskiy Rayon, 
Rostovskaya Oblast' to describe the effect of the 
reservoir where there are sloping banks (on the 
first terrace of the Manych). The extent of the 
profile is 4,435 meters, with a general north to 
south direction. The northern littoral section 

of the profile is characterized by a combination 
of inlets and dry land; geomorphologically, this 
is the river-bed portion of the terrace; the re- 
lief is of gentel slope or broad ridge character. 
The topography of the southern part of the pro- 
file is more level; this part is the lowland (plain) 
central part of the terrace, which rises evenly — 
towards the main shore. 

The basic soils of the profile are the meadow, | 
chernozem-like, medium and weakly-solonchak- 
like soils (after Rozanov's and Lobova's termino- 
logy (3). We find against this background strong} 
solonchak-like soils and, in places, patches of 
solonchak as well as soils having a desalinized 
upper segment of profile (to a depth of 1 meter). 


Twelve profile numbers were laid out on the 
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Table 1 


Ratio of chlorides to sulfates 


Profile No. 1 


Profile No. 2 


Depth, Hori- 


zon 


Depth, 


Cl:SO, aes 


5—10 
26—36 
43—-53 


70— 80 


150—160 
220—230 
300—310 
380—390 
460—470 
540—550 


700—710 
790—800 


20—30 
50— 60- 


80—90 


110—120 
160-—170 
220—230 
280—290 


340—350 
390—400 


Gy2 


Hori- 


Cl:SO, zon 


Oe 


0,89 
0,42 
0,47 
1,86 
1,60 
1,48 


3,73 


1 


900—910 |11,28 


Note: Comma represents decimal point. 


Profile No. Profile No. 4 


ori 
zon 


Ai 


Depth, 
cm 


Depth, 


ei Cl:SO, 


5—15 
30—40 
70—80 


145-—-155 


165—175 
200—210 
260—270 
330 — 340 
420—430 
590—560 
670—680 
790—800 
830—840 


4—17 
27—37 
45—55 


63—73 
85—95 


150—160 
200—210 
260—270 


370—380 
490—500 
600—610 


690—700 
770—780 


G 


Di 


Note: In the upper horizons, in view of a low salt content, the ratio of chlorides to sulfates 


has not been calculated. 


40000 680000m 


200 400m 


Fig. 3 - Hydrogeological profile of the Pokazatel' Farmstead, Veselovskiy Rayon, Ros- 


tovskaya Oblast’. 


Profile Nos. 


2-12 


a - water level in the reservoir; b - ground-water level; c - boundary of capillary 
fringe 


yrofile; Figure 3 shows the profile. 


The water table, in general, follows the re- 
ief of the area; the depth of the water is small 
0.5 - 1.5 meters). The upper boundary of the 
-apillary fringe on flat and elevated areas is 
situated at a depth of 0.5 - 0.8 meters from the 
surface; in the depressions the upper boundary 
somes to the surface. We see near Profile No. 
3 a sudden change or break in disposition of the 
vater table. Farther north in the broad ridge 


river-bed area the water table is almost hori- 
zontal, while farther south, in the central low- 
land or plain area, the water table has a well- 
developed gradient. If we consider that the 
water table of the reservoir has risen 10-15 
meters above the level of the Manych and that 
the depressions, which are now inlets or bays, 
were dry earlier, we might assume that the 
horizontal state of the ground waters is the re- 
sult of flooding; prior to construction of the 
reservoir the sudden change in the water table 
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Table 2 


Ratio of Cl:S0, and solid resiude of water extract. The Pokazatel' profile. 


oO 

ae Hori- 
© Soil 

Dre 

Ay 


Note: Comma represents decimal point. 


around profile No. 8 was less developed; the 
surface of the ground waters sloped somewhat 
towards the Manych; there was less moisture in 
the depressions. In this case the flooding ef- 
fect of the reservoir extended about 2.5 kilo- 
meters; further, in the central part of the ter- 


race, the position of the water table did not 
change. 


The permeability coefficient of the soil in the 
profile is equal to 5 x 1074 cm per second (0.43 
m per day). The permeability coefficient is 
small; yet, a certain low filtration into the 
banks may take place. The water table gradient 
is proof of the direction of ground water flow 
from the main shore towards the reservoir. 
Hence, flooding is, in the first place, the re- 
sult of the bearer of ground-water flow and, to 
a certain extent, of water movement from the 
newly-formed inlets or bays, which jut deeply 
into the shores. 
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Depth, 
zon cm 


A 0—10 — 0,06 
2 |Clay bog ‘ pola 11 064 
30—35 0,04 0,86 
Cc 60—70 0,48 0,53 
4, |Meadow A O—10 — 0,13 
eke LIS Bi Ti OR ee, 0,28 
. Ba at) 40— 50 0,04 0,48 
Bs 57—67 0,39 0,64 
G 80—90 0,87 0,82 
D 100—110 4,22 0,78 
110—120 1509: 0,76 
140—160 0,86 0,52 
5 |Dark-colored| A 0-10 3,35 0,51 
excessively A 20-—30 2,41 0,24 
kil 40—50 | 1,76 0739 
6 | Meadow A 0—10 _ 0,21 
chernozem - Bs 40—50 = 0,20 
xe C, | 80-90] 0,88 0.16 
D 100—110 0,08 0,13 
120—130 Ona 0,16 
1449—150 0,04 1,54 
160 —170 0,07 4,72 
11 | Clay bog A O—5 — 
10—15 0,31 Mee 
By 25—30 0,34 0.25 
B 40—50 0,44 0.46 
55—65 0,77 0.46 
80—90 etl 0.54 


Solid 


Ratio of residue of 
1:SO water ex- 
; ‘ tract, % 


We should note that, despite an increase in 
the ground-water level and flooding of the de- 
pressions, the river-bed portion, as a whole, 
owing to the broad ridge nature of the relief 
and excellent drainage, also remains at the 
present time in a lesser wet state than the cen- 
tral (southern) part of the terrace, where 
enormous depressions accumulate surface run- 
off, as if serving as reservoirs of water for the 
surrounding areas. This is also confirmed by 
direct moisture determinations which we shall 
not go into in this short article. 


Several elements of the relief are distinguished 


on the profile by the differences in their water 
regime. These elements are: the elevated and 
flat areas, where a non-leaching type of water 


regime typical of dry steppes with comparatively 


deep ground waters is predominant. 


In the depressions the ground waters form 
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cupolas, and the capillary fringe comes to the 
surface; the surface waters join with the ground 
waters. Here, two things may happen: a) in the 
depressions having a small water-collecting 
urea, a Small quantity of water, which does not 
suarantee a leaching regime, may be accumu- 
lated; thus, upward flows of soil moisture will 
prevail here; b) in large depressions having a 
large water-collecting area, a large quantity 

of water will ensure the predominance of a 
leaching regime. 


The salt regime of soils (Table 2) is also 
closely associated with the water regime. 


From the content of solid residue of water 
2xtract and ratio of chlorides to sulfates, we 
may draw the following conclusions. Ata 
certain depth we have maximum salt content in 
soils of level areas. This maximum content is 
ormed as a result of "the checking or pressing 
o9ack"' of the salt by percolating water, the 
sapillary-film movement of solutions from the 
yround waters, and evaporation within the soil 
Profile Nos. 4 and 6). We see in the depres- 
sions with a large drainage area a leaching and 
lesalinization of the upper horizons of the pro- 
ile (Profile Nos. 2 and 11). The drawing of 
30il solutions toward the surface and the 
secondary salinization (Profile No. 5) occurs 
n the small depressions. 


If we consider the rise in the water table in 
he river-bed portion of the profile, we may 
say that, as a result of constructing the reser- 
roir, the following has developed. There are 
10 essential or substantial changes in the salt 
-egime on the flat and elevated areas either in 
he central or river-bed portion. It is possible 
hat here the salt horizon formation processes 
lave been somewhat intensified quantitatively 
mn the upper boundary of the capillary fringe. 
[These processes have also taken place before. 
n both the large and small depressions of the 
entral part, we see a slow desalinization 
vhich also took place before the reservoir was 
constructed. In the large depressions of the 
iver -bed area prior to construction of the 
eservoir, owing to deeper ground waters, 
noisture evaporation at the upper boundary of 
he capillary fringe and formation at this 
lepth of a salt maximum (usbsurface saliniza- 
ion) have taken place; here, as in the central 
art, desalinization takes place slowly. In the 
mall depressions of the river bed portion, be- 
ore reservoir construction, a subsurface 
alinization has taken place; at present we see 
surface secondary salinization. 


Conclusions 


1. The effect of the Veselovskoye Reservoir 


on the soils of adjacent areas, where there are 
steep Slopes, is negligible and does not extend 
further than several tens of meters. The bar- 
rier created by the reservoir has not yet been 
levelled; the water table gradient runs from the 
reservoir deep into the banks (with poor per- 
meable soil materials). 


Where we have gently sloping banks, the ef- 
fect of the reservoir is noted for about 2.5 
kilometers. This effect is explained, in the 
first place, by a barrier of ground and surface 
runoff and also by direct flow of water from a 
widely developed network of newly-formed in- 
lets. 


2. A meadow formation of soil and a very 
slight secondary salinization develop on the steep 
slopes in the narrow littoral strip, which is un - 
der the direct influence of the reservoir. 


3. The flooding effect of the reservoir within 
the zone of reservoir influence has been seen in 
the depressions where water logging processes 
were intensified. On gently-sloping banks small 
depressions undergo secondary salinization; de- 
pressions which have a large watershed area are 
being desalinized. There are no qualitative 
changes in the salt regime on the flat and 
elevated areas. 


4, The observations begun at the Veselov- 
skoye Reservoir are only the first steps in 
studying reservoir effect on soi;s we must con- 
tinue our studies to obtain exhaustive data on 
the problems of the water and salt regime of 
adjacent areas. 


Received July 1, 1959 
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THEORY OF THE CONDENSATION OF ATMOSPHERIC 


MOISTURE IN SOIL 


V.I. TOCHILOV, Azerbaydzhan Polytechnical Institute 


This article represents an attempt to con- 
sider critically, summarize, and define in 
more precise terms modern theory on the con- 
densation of atmospheric moisture in the soil. 
It takes into account relevant published material. 


Of the three known states in which moisture 
can exist — solid, liquid, and vapor — the last 
two are most important for practical problems 
involving the soil. Thus, soil hydrology is 
primarily concerned with determining the fol- 
lowing factors (8): 1) the laws governing mois- 
ture movement in soil; 2) the categories of 
soil moisture; 3) the quantities of moisture in 
different categories; 4) the interrelations be- 
tween soil moisture and plants. 


While the last three of these are of primary 
interest to soil scientists, the first also con- 
cerns those interested in such related dis- 
ciplines as hydrogeology and water-supply. 
Elucidation of these laws would explain the 
origin of underground water and establish 
principles for designing devices to take the 
moisture from the air and make it available for 
economic purposes. This task is also connec- 
ted with the physics of the air layer near the 
ground —a study which has not been receiving 
sufficient attention (9). 


Usually, this whole problem is considered 
separately for the liquid and vapor phases. The 
reason is that, in the case of the vapor phase, 
gravity is not taken into account. 


In the upper part of the ground to a depth of 
several tens of meters, the force of gravity 
and consequently the pressure of the air and the 
vapors it contains are constant. 


There are three points of view on the move- 
ment of the liquid phase (moisture movement in 
the soil when the moisture content exceeds its 
maximum hygroscopic capacity).1 The first, 
held by L. Lebedev (4), emphasizes molecular 
forces; the second, that of Dolgov (2), empha- 
sizes capillary forces; and, finally, Rode (8) 


‘A.A. Rode defines maximum hygroscopicity (MH) 
as the amount of moisture, in % of dry soil weight, 
adsorbed by the soil from air with a relative humidity 
of 94%, The MH is an arbitrary quantity. 
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believes that a combination of these two the- 
ories could offer the best solution. 


A detailed description of the laws of mois- 
ture movement in the vapor phase (until the 
maximum hygroscopic capacity of the soil is 
reached) can be found in the works of Rode 
(8) and Dolgov (2). A new approach to this 
problem has been suggested by Kolyasev (3). 


At present a number of other published 
studies on the subject is also available. They 
will be discussed later. 


The lower limit for the moisture content of 
the soil, or any solid, is the completely dry 
state. Vapor molecules that hit the surface of 
solid particles (soil) are retained by adsorp- 
tion forces as afilm. This process continues 
until the energy of thermal molecular move- 
ment does not exceed the energy of adsorption. 
According to Sochevanov (10) the maximum 
limit of adsorption is achieved at a pressure 
close to saturation. However, this is not a 
very precise concept. According to Freyndlikh 
(8), the process of adsorption is complete when 
the relative humidity of the atmosphere reaches 
about 40%. A further increase in the amount of 
vapor in the pore space leads to supersaturation 
and formation of fog. At this point multilayer 
sorption of these water molecules begins; this 
Lebedev (4) calls ''molecular condensation." 


According to Lykov (5), this phase is sub- 
ject to the law of moisture conductivity, which 
states that the amount of moisture moving in 
unit time over unit area with the same moisture 
content is directly proportional to the gradient 
of moisture concentration. However, this move- 
ment can continue only as long as there is a 
certain inequality, i.e., as long as the relative 
humidity of the atmospheric air ¢ is lower than 
a certain relative critical molecular moisture 
content ¢ c.m. (See below). 


_ When ¢ equals ¢ c.m., capillary condensa- 
tion begins over the entire surface of the walls 
of the soil capillaries. 


It should be noted that the law of moisture 
conductivity holds only under isothermal con- 
ditions (when the temperature is everywhere 
constant and equal). When a thermal-gradient 
1s present, thermal condensation is superim- 
posed on this procegs. 
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According to Lykov, a thermal-gradient 
makes the operation of the law of moisture con- 
ductivity more complicated by adding the new 
factor of thermal-moisture conductivity: the 
movement of moisture parallel to the flow of 
heat (from warm to cold areas). It is a com- 
plex phenomenon which includes diffusion of 
vapor or liquid in the direction parallel to the 
flow of heat (thermal-diffusion) and capillary 
moisture movement in the same direction. 

. 

When changes in moisture content and tem- 
perature are involved, we are dealing, not 
with the law of moisture conductivity, but 

with the law of thermal-moisture conductivity. 
The latter represents a generalization of cer- 
tain known laws pertaining to the movement of 
vapors and liquids in porous colloidal materials. 
However, when there is air in the pores of a 
body containing little moisture (or when it is a 
coarse porous body), the law of thermal-mois- 
ture conductivity needs to be adjusted. The 
value of thermal-moisture conductivity is in 
chis case negative, indicating that moisture is 
moving as vapor against the flow of heat (from 
cold to warm areas) because of the effects of 
che relative thermal-diffusion. In a mixture 

of gases, changes in temperature cause heavy 
zases to move parallel to the flow of heat (from 
warm to cold areas) and light gases in the op- 
dosite direction (from cold to warm areas). In 
dur case this means that air — a heavier gas 
adjusted molecular weight, 29) — will move 
lown along with the flow of heat. The lighter 
zas — water vapor (molecular weight, 18) — 
vill move up along the capillary walls. Vapor 
rom the warmed surface layer may, in turn, 
orm a downward flow. Thus, the two op- 
dosite flows of vapor may meet below the sur- 
ace zone of evaporation, causing supersatura- 
ion and condensation. Onchukov's (7) experi- 
nents, conducted under natural conditions, 
llustrate this theory. 


It should be remembered that the tempera- 
ures of the soil atmosphere and the soil par- 
icles constituting the walls of the pores usually 
ire not the same. Thus, when the soil is 
ieated from above, two more possibilities 
nay develop, depending on whether the tem- 
yerature of the soil air is lower or higher than 
hat of the soil particles. In the former case, 
he humid air close to the walls will move up 
nd the air in the middle of a pore will move 
lown. During the process the air close to the 
valls will be enriched in vapor because of it, 
‘elative diffusion by condensation, while the 
ir in the middle of a pore will be direr. In 
he latter case the movement of the air close to 
he walls and the air in the middle of a pore 
7ill be reversed, And, as a result, the former 
7ill be drier and the latter enriched in vapor. 


Thus, moisture condensation is taking place 
n some of the soil horizons and evaporation 
athe others. This is accompanied by a con- 
inuous interchange between the soil and at- 
1aospheric air. 


The thermal condensation described will 
ontinue until such time as the correspondingly 
acreased molecular forces of water molecules 
ituated directly opposite each other in a capil- 
ry begin to interact. Then the capillary will 
e closed by a film with a concave meniscus. 
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If the critical value of the relative humidity 
of the soil air is greater than¢e, ec, (critical 
capillary), capillary condensation would begin 
even on this concave meniscus. And if it is 
lower thanyc,c, then there would be evapora- 
tion from this meniscus. 


According to Rode (8), this gc, ¢, is about 
80%. Morozov (6) suggests that it be ex- 
pressed mathematically as follows. 


We know that the height to which water will 
rise in a capillary is determined by the Laplace 
formulas as follows: 


wee 
hen 


rover (1) 
Here 6 is the surface tension; r is the radius 


of the capillary, A is the density of the liquid; 
and g is the acceleration of gravity. 


Let P designate the pressure of saturated 
vapor near the flat water surface; and Ph, 
this pressure at a certain height (h). 


Then Ph will equal: 
Ph =P — yeg-h, (2) 


where » is the density of the vapor. Now, 
substituting h from Formula (1), in Formula 
(2), we get: 


2°5-Y 
reA_ 


By dividing Equations (2) and (3) by P, we will 
obtain a certain relative humidity of the capil- 
lary air. This is known as the critical capillary 
humidity and is written as ¢¢, ¢, 


Py =P — (Thompson Equation). (3) 


It is expressed by the following formula: 


of. Qe be 
eft Sr een heyy ane atoee e (4) 

If the relative humidity ¢ of the soil atmos- 
phere in a capillary is greater than this criti- 
cal capillary humidity, obtained from Formula 
(4), i.e., ¢ >¥e,¢,, then condensation will 
occur on the meniscus of this capillary. And 
if it is smaller, then evaporation will occur 
instead of condensation. It follows from this 
that even slight preliminary moistening ("mois- 
ture charge") of the soil capillaries should 
increase ¢over%c,¢, In this case there 
would be capillary condensation leading the 
appearance of liquid water as drops. 


Now let us establish the relation between 
gce,c, and¢c.m, For this purpose we can 
use Laplace's Equation for the pressure of the 
surface liquid layer which effects water move- 
ment. It is as follows: 


P=k+0 (+g). (5) 


Here R, and R, are the radii of curvature 
of the meniscus as measured for two perpendi- 
cular sections. The radius directed toward 
the liquid has a positive value and the radius 
directed away from the liquid has a negative 
value; k denotes the pressure of the surface 
layer of the liquid when the surface is flat; 
and 6 is the surface tension. 


Taking into account molecular forces, we 
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may note that there should be a reduced pres- 
sure on the concave menisci. Since there are 
characterized by negative radii, the Laplace 
Formula could be used to draw the following 
conclusions: 


To simplify our equation, k can be elimin- 
ated as a constant. Then the additional (rela- 
tive to a flat surface) pressure of capillary 
forces on the curved liquid surface can be 
expressed as follows: 


1 1 

R =6 ¢ 
Cats e ~ R,) 
With cylindrical surface wall of capillary 


with molecular condensation, one of the radius 
(capillary height) becomes infinity and equation 
(6) is: 


(6) 


6 
ie Rae (7) 


With equatal radii values of surface menis- 
cus, with capillary condensation, equation (6) 
ifs\e 
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2-6 
=a: (8) 


Equations (7) and (8) show that Py, < Po.2 
Thus, by using Thompson's equation, we may 
write: 


Po 


Pp Pp 
= < A$ = ¥e,m.< %c. c. 


(9) 


In other words, when molecular forces (¢¥ 
c. m.3) are operating, the value of the critical 
relative air humidity is smaller than when 
capillary forces (¢¢,¢,) are operating. 


As we have noted, capillary condensation in 
the soil will continue as long as¥>%e,¢,, pro- 
vided that the atmosphere is sufficiently sat- 
urated with water vapor. Under natural con- 
ditions this condensation may be reduced for 
the following three reasons (11): first, when 
the relative humidity of the soil atmosphere 
decreases and its temperature rises because 
the ground has been warmed by the sun's rays; 
second, when the surface tension decreases be- 
cause of this increase in the air temperature; 
and third, when the capillary in question is 
conical, 


Condensation stops and evaporation starts 
in pores in which menisci have curvatures in- 
sufficient (owing to large diameters in the 
upper part of the capillaries) for saturation 
of vapor molecules. 


“Probably because of an error, V. Morozov con- 
cluded from Formulas (7) and (8) (including factor 
k) that P, = (1+6). Py. Using this incorrect 
value in Equation (4), he concluded wrongly that 
that "critical moisture level for molecular condensa- 
tion forces is higher than the critical moisture level 
for capillary condensation forces" (instead of Po he 
uses Py). 


3 Ratio between the extra pressure of capillary 
forces at a curved liquid surface with molecular 
condensation (Pm) and the pressure at the flat sur- 


face layer of a liquid (P), i.e., = = ¥e.m. 
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Since the atmosphere is colloidal in nature, 
it would be safe to assume that, by relative 
thermal diffusion, redistribution of vapor also 
occurs in the air layer near the ground. By 
analyzing this process, which has been shown 
to occur in the soil and presumably takes place 
in the air layer near the ground, we come to the 
following conclusions. 


Investigating the possibility of intrasoil 
condensation, Lebedev (4) determined the direc- 
tions in which water vapor moves in the soil. 

To do so, he first established the saturated 
vapor tensions at the temperatures prevailing 

in the different soil layers. When these vapor 
tensions are directed oppositely, then condensa- 
tion must occur in the layer in which they meet. 


But this means that, when there are two op- 
posite flows of water vapor moving because of 
relative thermal diffusion, condensation occurs 
in the layer in which they meet, only if the 
tension of neither is equal to the saturation 
tension at the temperature of this layer. Let 
us call such layers ''condensation zones. "' To 
prove our assumption, let us express the at- 
mospheric vapor tension (i.e., the air humidity) 
in grams of water per cubic meter of air rather 
than in mm or millibars. Then we can say that 
condensation will occur in that layers of the 
soil or of the air near the ground in which the 
moisture content of the saturated vapor at the 
given temperature is smaller than the sum of 
the absolute moisture contents of the descend- 
ing and ascending vapor flow plus the moisture 
content of the layer itself. This factor was 
noted in our earlier studies (12,13). It as- 
sumes special importance when considered in 
the light of the physics of the air layer near 
the ground. The condensate precipitates in 
drops on the soil surface as a ''dew. '' Because 
of wind, it may not reach the ground directly 
below the site of its condensation in the air. 


The latent heat of evaporation released during 
condensation is absorbed through convection by 
the surrounding air layers. 


As we have already noted, because of circu- 
lation of moist air in pores, there may occur 
simultaneously condensation in some soil 
layers and evaporation in others. In other 
words, the thermal equilibrium must be con- 
stantly balanced. It was also shown mathe- 
matically that preliminary moistening (''mois- 
ture charge") of the soil capillaries brings 
about condensation and the appearance of water 
drops. The importance of previous moistening 
of the soil (or other porous bodies) in causing 
condensation was noted by us in a number of 
earlier experimental studies (14 and others). 


In this connection, we can clarify one prob- 
lem related to water supply. From the litera- 
ture (15 and others), we know that in ancient 
times the city of Theodosia was supplied with 
water from unique structures built on the nearby 
Tepe-Oba Elevation, They consisted of orderly 
piles of porous limestone in which atmospheric 
moisture condensed during the night. The 
cone-shaped funnels in the center of each such 
pile must have served as receptacles for the 
rain-water falling on the surface of the piles, 

It was this water that moistened the conden- 
sors and thus intensified the process of conden- 
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sation, 


The effectiveness of the preliminary mois- 
ture charge has been known for a long time. 
It was well illustrated recently when, in antici- 
pation of a drought, some 15,000 hectares of 
vineyards in the Crimea were irrigated, In 
this operation holes were drilled and three or 
four liters of water were applied below the 
roots of each plant (to a depth of 60 cm) instead 
of the 50 1 that would otherwise have been 
needed for surface irrigation. As a result of 
the subsoil condensation-irrigation process, 
the vineyards were saved (1). 


Because of the practical importance and 
effectiveness of this moisture charging method, 
the theoretical principles relating the conden- 
sation-evaporation process and the physics of 
the air layer near the ground should be worked 
out. In other words, we need to answer the 
following question: What conditions are re- 
quired for the transfer of moisture from the 
soil to this layer and vice versa? 


The vapor pressure of the water, of course, 
increases as the air temperature rises. How 
this phenomenon affects the soil was vividly 
demonstrated by Lebedev's experiment (4, Table 
16, p. 48). His data are reproduced in Table 1 
together with our own additions (the last three 
columns). 


The following conclusions can be drawn 
from Table 1: 


1) An increase in the temperature of the 
soil atmosphere is accompanied by an increase 
(almost always proportionately greater) in the 
vapor pressure, 


2) The greater is the moisture content of 


the soil, the greater (within certain limits) is 
the relative humidity of the soil atmosphere, 
This confirms our earlier conclusion that 
preliminary wetting of the soil ("moisture 
charge") increases the relative humidity 

and, thus, creates more favorable conditions 
for capillary (thermal) and molecular conden- 
sation, 


3) When the temperature of the soil at- 
mosphere and the vapor pressure increase, 
the relative humidity also increases at first. 
But the rate of this increase (earlier readings 
divided by later readings) diminishes after a 
certain limit has been reached (1 < 1.04; 1.065 
<Gls Ola lor<al 4) 


The last of these conclusions deserves more 
attention, The phenomenon described can be 
explained as follows. As the air temperature 
rises, at some point the saturated vapor pres- 
sure (E) begins to rise faster than the vapor 
pressure ey (absolute water content). Asa 
result, the relative humidity of the air even 
begins to drop and the air becomes drier. 


This process can be verified in a number of 
other natural phenomena, Table 2 summarizes 
some of them, The meteorological data used 
in compiling this table came from our earlier 
study (16) concerning two inhabited areas in 
different geographical regions. 


Table 2 indicates that each of these locali- 
ties showed the following constant correlations 
during all seasons: 


1, During a seasonal rise in air temperature, 
E increased faster than e; 


2. During a seasonal decline in air tempera- 
ture, E declined slower than e. 


Table 1 


Parameters of soil atmosphere from A. F. Lebedev's (4) experiment 


Vapor Relative 
pressure humidity, 
mm/Hg % 


Tempera- 
ture 


of soil atmosphere 


? 
? 
’ 
? 


Sane 


_— 
00 CO We 
OUODN COOKED PHAM 


8 
3 
0 
9 
1 
6 
4 
3 
3 
7 
6 
5) 


00 &> 


vw ew © 


Note: Comma represents decimal point. 
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Number of times increased at each 
successive reading 


Relative 


vapor pressure humidity 


temperature 
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Table 2 


Some meteorological indicators and their comparison for two inhabited localities in the USSR 


Khodzhent 


Season 


Winter 3,9 | 0,55 | 5,0 0,43] 76 | 1,4|| Winter | 4,8] 0,46] 6,5 |0,46] 76 | 4,9 
Spring 8,3 | 2,1 | 13,5 |2,7 | 62 [15,8]|Spring | 7,2] 4,5 | 10,4 |1,6 | 69 |11,8 
Summer | 12,4 | 1,5 | 26,7 |2,0 | 47 |27,0||Summer| 13.8 | 1,9 | 23.2 |2.2 | 60 |24,6 
Autumn | 7,2|0,6 | 12,4 |0,45] 63 44, 4|| Autumn | 40,5 | 0,76 | 14,2 |0,64| 72 |16,6 


Site on coast of Caspian Sea 
Ae Pie 


Season 


Note: Here e is the absolute humidity of the air, in mm Hg; E is the vapor pressure 
of saturated air, in mm Hg; ¢ is the relative humidity of the air, in %;, T is the mean air tem- 
perature, in °C; % is the multiplier showing the change in the value of e from season to season; 
and p shows the change in the value of E from season to season. 


Note: Comma represents decimal point. 


Consequently, we have the following picture: 


When ¥ exceeds the critical relative humid- 
ity, the soil vapor is subject to molecular or 
capillary condensation, The latent heat of 
evaporation released during this process warms 
the soil. 


Until recently it has been assumed that this 
heat tends to stop the process of condensation 
quickly. But such is not the case. When the 
temperature rises, the vapor pressure also 
rises, usually at a faster rate (several times 
faster than to the corresponding — not the mean 
-- rate of increase in temperature). This can 
be seen in Table 1. Vapor flows from the at- 
mosphere to the zone of higher temperature 
because of relative thermal diffusion (see 
above) and also from adjacent soil areas through 
perpendicular capillaries. Thus, conditions 
favoring condensation continue to exist. But 
because the absolute humidity e increases 
slower than E, the increase in the relative 
humidity will eventually slow down or even be- 
come negative. The surface tension of the 
meniscus will decrease, accordingly. Thus, 

a moment will be reached when ¢ will be 
smaller than ¢ c,c, or ¢¢,m, At this point 
condensation will cease and evaporation will 
set in, until the soil atmosphere is humified 
again, either through the process of moisture 
condensation described previously or through 
nieale nae precipitation and artificial irriga- 
ion. 


Conclusions 


1, We have attempted to consider critically, 
summarize, and define in more detail the 
modern theory of moisture condensation in 
the soil. We used for this purpose available 
published data. 


2. In defining this theory in more precise 
terms, we have proved mathematically that 
preliminary moistening ("moisture charge"’) 
is an effective method of intensifying moisture 


118 


condensation in the soil. 

3. We have proposed and explained a new 
concept of ''condensation zones" in the soil 
and the air layer near the ground. 

4, We have worked out the theoretical prin- 
ciples governing the exchange of moisture be- 
tween the soil and the air layer near the ground. 


Received October 22, 1958 
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MICROELEMENTS IN SEVERAL SOILS AND SOIL-FORMING 
PARENT MATERIALS OF KAZAKHSTAN 


V. V. DOBROVOL'SKIY, All-Union Scientific Institute for Research in Minerals 


The great importance of microelements for 
plant and animal physiology has brought about 
the need for studying these elements in soils. 
A study of elements found in a dispersed state 
in soils has enabled us now to draw several 
conclusions. We should regard as the most 
important conclusion the principle established 
by Vinogradov (1) on the inheritance by the soil 
of most microelements contained in soil- 
forming parent materials. The concentration 
(or deficiency) of elements in soil-forming 
parent materials and, consequently, in soils, 
determines endemic deviations and diseases, 
presence of oppressed types, and other pheno- 
mena comprising the specific characteristics 
of biogeochemical provinces (2). Another im- 
portant conclusion is the constancy of different 
behavior of the microelements in the various 
soil groups (4,6, 10,11, etc.). 


Thus, a study of microelements in the soils 
of any region should include, first, the deter- 
mination of the complex of microelements con- 
tained in the soil-forming parent materials and, 
second, research on microelement distribution 
throughout the profile of soils typical of a 
given region. Future research should be 
aimed at studying the distribution of the separ- 
ate microelements according to the basic com- 
ponents of soils and soil-forming parent 
materials, and investigating the types of forms 
of microelements. 


Bearing in mind what has been said, an ex- 
periment was conducted to study microelements 
in the soils and soil-forming parent materials 
of the natural desert and steppe zones of 
Kazakhstan. In this regard the content of 
microelements was determined both in the 
various genetic horizons of soils and soil- 
forming parent materials, and in their different 
separates, in the dry residue of water extracts 
and in the different new formations of soil. 
More than 400 different samples were studied. 


Microelements were determined! using the 
semi-quantitative spectral analysis method. A 
reliable sensitivity for determining a large 


'Microelements were determined on a quartz 
spectrograph in VIMS (All-Union Scientific Institute 
for Research in Minerals) under the direction of A. 
K. Rusanov. 
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part of the elements is 1 - 10-3%; however, the 
experience of analysts has enabled them to de- 
termine the content of many elements by half 
this value. The accuracy of analysis is +30%. 
The methods of analysis employed do not permit 
us to determine with certainty the content of 
elements in each analytical sample. The re- 
sults of analyses have been expressed as mean 
values of several determinations. The mean 
values were determined as the quotient result- 
ing from dividing the sum of the approximate 
quantitative amount in the samples by the num- 
ber of samples having a detected (traced) ele- 
ment. A variation curve is constructed to de- 
termine the average content when there is a 
large number of analyses. 


The percent of certain microelements is 
equal to or even less than the reliable sensitivity 
of the spectral analysis. A quantitative expres- 
sion for the percentage of the element in such 
cases is difficult. In this connection we could 
use a record of the frequency of microelement 
detection which shows the abundancy of micro- 
elements. For this purpose graphs have been 
constructed where detection frequency of the 
pertinent element has been plotted along the 
ordinate expressed in percent of total number 
of samples. 


Microelements in Soils and Soil-Forming 
Parent Materials of the Desert Zone 


We studied microelements in the soils of the 
desert zone of Kazakhstan within the confines 
of the Southwest Pribalkhash'ye, primarily in 
the area of the low-hill and low-mountain sys- 
tem of the Chu-Iliyskiye Mountains, which are, 
according to Gerasimov (3), the southernmost 
extremity of the Kazakhstan low hills. The 
quaternary deposits are the soil-forming parent 
materials over a large part of the region. Pre- 
dominant among the genetic types of deposits of 
this age are the deposits of diluvial and pro- 
luvial genesis having a varying content of 
aeolian origin. A distinctive feature of these 
deposits is the strong concentration of particle 
diameters 0.5-0.1 mm and a small percentage 
of particle diameters <0.001 mm (usually not 
more than 10%). A certain concentration of 
detritus from local bedrock is characteristic 
of the diluvial varieties. 


The characteristic of element distribution 
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Table 1 


Distribution of several microelements® in the Quaternary deposits of the southwestern 
Pribalkhash'ye, 1 x 10-39% 


Reliable Average (of 
sensitivity |50 samples) 


Average (of 10 samples of each a 


fraction) content in separates 


Average (of 


of determina c j j 
Elements tion, a eee ae pecete ea — eae ae 
aot -3 deposits : ; dry residue 
5—3 0,5—0,25 | 0,01—0,001 <0,001 of water 
é = 20 einicaihe extract 
Ti 4 226 83 111 
122 117 6,7 
Mn 1 78 73 63 68 73 54 
a 1 9,7 6,8 9,4 10 11,7 2'0 
Cu 4,9 4,3 | 4,4 5,3 7,0 3,6 
Pt 0 128 12,5 9,3 9,0 15,0 5,0 
Ni 1 2.0 14 114 2.3 2.4 1\1 
Co { 1.4 0.9 0'9 0.9 1.2 05 
zr 4 88 13'0 7a 4.3 44 1/0 
Ga 1 6.2 BS va 5.7 5.4 Oe 
1 Be 3'0 9'3 2.4 1.5 1/0 
Ag 0.4 45 i 016 0:7 0.5 ae 
B 1000 = pee | bias an _ 10 


Elements in an amount equal to or less than the reliable sensitivity of determination 


a 6 . . A 
We cannot assign titanium to the microelements by content in soil-forming parent materials 


and soils. Editor. 
Note: Comma represents decimal point. 


in the quaternary deposits of the district are 
shown in Figure 1. The elements are arranged 
along the horizontal axis from left to right in 
the order of decreasing frequency of detection 
in total samples (Ti, Mn, V, Cu, Pb, etc.). 


Table 1 gives the average content of ele- 
ments in the total mass of quaternary deposits 
and in their basic components. As we can see 
from these data, many microelements are ac- 
cumulated in a mass of finely dispersed par- 
ticles (<0.001 mm in diameter), These par- 
ticles, according to data from X-ray, thermal, 
and optic investigations, are basically hydro- 
micas having a varying degree of hydration. 
These particles were separated for spectral 
analysis by the sedimentation analysis, as 
modified by Gorbunov (5), with the reaction of 
hydrochloric acid and boiling, by which all 
weakly-bonded microelements were eliminated. 
Thus, we may assume that microelement ac- 
cumulation by dispersed particles of hydro- 
micas is explained by stable surface bonds and, 
by partial introduction of hydromicas into the 
spaces between the surfaces. 
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Several microelements are contained in 
relatively large quantity in the detrital part — 
Ba, Zr, and, partially, Pb. Such elements as 
B, Sr, and Mo are concentrated in the dry 
residue of water extracts. 


The soil-forming process has a specific ef- 
fect on the microelements contained in the soil- 
forming parent materials. According to Rozanov 
(8), the northern sierozems are the zonal soil 
group of the Chu-Iliyskiye Mountain region, 
while, according to Lobova (7) the gray-brown 
sierozems are the zonal soil group. Against 
this background are distinguished mountain 
masses covered by mountain-chestnut soils. 
The Takyr-like soils are developed in several 
dry valleys and depressions between hills. 
Unique desert soils with a poorly expressed 
profile are formed on barchane sands and sand 
dunes. 


Microelement distribution throughout the 
profile of northern sierozems is given in Table 
2. From these data we see that the soil- 
forming process, characteristic of the zonal 
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MICROELEMENTS IN KAZAKHSTAN SOILS 


Detection frequency of elements, percent 


Ti Mn V Cu Pb Ni Co Zr Ga Yb Y Sr Ba Li 


Sc Sn Zn Cr La Be Nb Ma Ag Sb Bi Ce Hf B 


Fig. 1 - Detection frequency of microelements in Quaternary deposits of the South- 
western Pribalkhash'ye. 


| - Total samples of Quaternary deposits; 2 - samples with a fraction <0.001] mm 
in diameter; 3 - samples with a fraction 0.25-0.50 mm in diameter; 4 - samples of 


dry residue of water extracts. 


Value of the ratio 


Ts Mn V Cu Pb Ni Co Cr Ga Yb Sr Bu Mo 
Fig. 2 - Ratio of the content of water sol- 
uble forms of several microelements in dif- 

ferent genetic-horizons of a profile of 
northern sierozems to the content of water 
soluble forms in the soil-forming parent 
material. 
1 - humus; 2 - carbonate; 3 - gypsum; 4 - 
content of water soluble forms in Quaternary 
deposits. 


soil group, leads to accumulation of many 
nicroelements in the humus horizon, (Ti, Mn, 
Ju, Pb, Zn, Ni, Co, Ga, Ba, and partially V 
ind Sr). Other microelements tend to accumu- 
ate in the carbonate horizon (Zr, Yb) or in 

he gypsum horizon (Mo). 


| 

| Microelement distribution in the profile of 
alinized soils has its own specific character- 
istics (Table 3). Here Mo and, partly Ni and 
’ shows the tendency to accumulate in the 
umus horizon. There is a relative accumula- 


eae 


tion of many elements in the 20-30 cm layer 

(Ti, Mn, Cu, Co, Ba, Yb) while other micro- 
elements are accumulated in a deeper horizon 
(Sr, Zr, Ba). The inadequate sensitivity of the 
method makes it impossible to show the tendency 
of distribution throughout the soil profile of 
several elements (for example, Zn). 


Considering the importance of determining 
the water soluble forms of microelements, 
which are most easily available for plants, we 
present in Tables 4 and 5 data on the content 
or percentage of microelements in the dry resi- 
due of water extracts taken from northern 
sierozems and salinized soils. 


As we can see by comparing Tables 2, 3, 
and 4, 5, the water soluble forms constitute a 
small part of almost all the microelements con- 
tained in the soils under study. Moreover, an 
analysis of the distribution of water soluble 
forms throughout the profile shows considerably 
more clearly the tendency of many elements to 
accumulate relatively in the humus horizon. 
This is well illustrated by curves showing the 
ratio of the content of water soluble forms of the 
separate microelements in the different horizons 
of the soil profile to the content of water soluble 
forms of these elements in the soil-forming par- 
ent material (Fig. 2). As we see from Figure 
2, the percentage of water soluble forms of a 
large number of microelements (Ti, Mn, Cu, 
Pb, Ni, Zr, Ga) in the humus horizon of 
northern sierozems is 1.3 to 4 times more than 
in the soil-forming parent material, whereas 
the percentage of water soluble forms of these 
microelements in the gypsum horizon is less, 
with the percentage in the carbonate horizon ap- 
proaching the percentage in the humus horizon. 
We observe the opposite for a smaller number 
of microelements (Sr, Mo) — the content of 
water soluble forms of microelements is 1.5 to 
2.5 times greater in the gypsum horizon than in 
the humus horizon. In the salinized soils the 
ratios are less clear; however, we do note a 
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MICROELEMENTS IN KAZAKHSTAN SOILS 


elative accumulation in the surface horizon of 
he water-soluble forms Mn, Cu, Pb, Ni, and 
Os 


To supplement the picture of microelement 
listribution in the soil formation process under 
lesert conditions, we should note that several 
lements are being selectively accumulated in 
he new formations of soil. Thus, for example, 
n the gypsum and carbonate new formations as 
ompared with the soil-forming parent material, 
he percentage of Sr increases several fold, 
yhereas Mo has the tendency to accumulate in 
he sulfate-chloride new formations. 


Microelements in Soils and Soil-Forming 
Parent Materials of the Steppe Zone 


We have studied microelements in the soils 
f the steppe zone in the northern Kazakhstan 
ow hills. According to Storozhenko (9), the 
uaternary deposits are the basic soil-forming 
arent material in this area. The genetic types 
f quaternary deposits in the northern Kazakh- 
tan low hills are characterized by great di- 
ersity; they differ from the quaternary deposits 
f the southern Kazakhstan low hills by a lesser 
oncentration of particle diameters 0.25-0.01 
1m and by a greater percentage of particle 
iameters <0.001 mm (ranging from 15%-30% 
nd more). The quaternary deposits of 
orthern Kazakhstan are also characterized by 
eculiarities in mineralogical composition (a 
urger percentage of quartz, a lesser percent- 
ge of rock fragments, different ratios of heavy 
lineral fractions. The composition of micro- 
lements in the Quaternary deposits of the 
orthern Kazakhstan low hills also differs 
omewhat in comparison with the composition of 
1icroelements in the quaternary deposits of the 
outhern part. 


Detection frequency of elements, percent 


mn 


microelements in the quaternary deposits and 
their distribution according to basic components 
are given in Table 5. We see from these data 
that in the northern Kazakhstan low hills, as in 
the southern part, many microelements of soil- 
forming parent materials are associated to a 
reat extent with particle diameters <0.001 mm 
Cu, Ni, Zn, Cr, Mo, Ga, Zr, Sc, Sn, Be). A 
study of the fraction of particles < 0.001 mm in 
diameter showed that the fraction was represen- 
ted basically by hydromicas differing from the 
hydromicas of the quaternary deposits in the 
southern Kazakhstan low hills by a greater de- 
gree of hydration. A negligible (usually at the 
limit of sensitivity) percentage of a few micro- 
elements was detected in the fragmental or 
detrital quartz, which in the quaternary deposits 
of the district amounts to 60%-70%. 


The southern (of low humus). chernozems are 
a zonal soil group in the northern Kazakhstan 
low hills. Ordinary chernozems are developed 
on the elevated areas (the Kokchetavskoye up- 
lift); dark chestnut soils (9) are developed in 
the Pavlodarskaya Oblast’. A complex relief 
of low hills contributes to the development of 
this complex character as does the numerous 
transitional soil types. 


Microelement distribution throughout the pro- 
file of southern chernozems (of low humus) is 
seen in Table 7. From the data in this table we 
see that in the southern chernozems many micro- 
elements (Ti, Mn, Co, Ni, V, Zr, Sc) have the 
tendency to accumulate in the Bhorizon. The 
distribution of Ga, Pb, Cu, and Zn is proof of 
the tendency of these elements to decrease in the 
soil profile in contrast to the soil-forming 
parent material. At the same time there is a 
relative accumulation of Zn in the humus horizon. 


The distribution of elements in the solonetz- 


G2 4 
ay. e is (y 


Ti Mn V Ni Co Cu Gaze Y Yb Li Pb Sp Sc Ba Zn Cr Be Mo Sn LaAg Nb 


ig. 3 - Detection frequency of microelements in Quaternary deposits 


in Northern Kazakhstan 


1 - Total samples of Quaternary deposits; 2 - samples with a fraction 
<0.001 mm in diameter; 3 - samples of carbonate new formations; 4 - 
samples of fragmental or detrital quartz. 


The abundancy of microelements in the 
laternary deposits of the district is seen from 
e data in Figure 3; the average content of 
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like soils (two profiles were studied) reveals a 
decrease in Mn, Ti, Co, V, Zr, Zn, Cu, Ga, 
Pb in the soil as compared to the soil-forming 
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Table 6 


i i i i f Quaternary deposits 
istri € certain microelements in the components fo) 
ort eeidaenee of northern Kazakhstan, 1- 10-%% 


| Reliable sensi- | Average (of 70 | Average (of 40 | Average (of 40 


ivi content |samples) content 
EE SR Re op Pe ae cae renee Gre eee he 
1- 103% deposits 0.001 mm india. quartz 
i 405 30 8 
te i 412 77 9,6 
Vv 1 42 41,4 ORT 
Cu 4 6,8 10,7 0,8 
Ni 1 21 ne) = 
Co 1 2 0,9 — 
Zr 4 6,8 thee 0,8 
Ga 4 4,3 6,3 gf 
Yb 1 2, iy — 
Ag 0,1 0,5 ORD 
Sr 400 123 400 400 
Ba 400 136 100 
Elements in amount equal to or less than reliable 
sensitivity of determination 
Zn | 40 8,4 45 var 
Pb 40 9,4 Tuell 2 
Cr 10 8,2 ARS, Grrl 
Mo 4 0,7 ; 0,9 -- 
Sn 1 0,5 0,9 me 
Li 400 | 100 100 —_— 
Be 4 0,8 1,0 _ 
Nb 40 5 520 — 
Sc 5 See 9,5 er 
Ve 10 Hn) 5.0 — 
La 10 5) 5,0 —_— 


Note: Comma represents decimal point. 


parent material; at the same time Cu, Pb and 


Ga are relatively accumulated in the compact 
horizon. 


Zn and Mn in the humus horizon, while in the 
illuvial horizon there is a relative accumula- 
tion of Cu, Pb, Co, Ga, Y and Mo. 


The unique distribution of microelements 
was detected in a profil€ of podzolized soils un- 
der pine stands (two profiles studied). In 
these soils there is a relative accumulation of 


In the new formations of soil a selective ac- 
cumulation of certain microelements was de- 
tected: in the iron concretions — Co, Cr, Cu, 
Be and Mo, in the manganese concretions — 


Table 7 


Distribution of certain elements throughout the profile of SO chernozems 
(Average data from 9 soil profiles), 1+ 10-89% 


Elements 


Note: Comma represents decimal point. 
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MICROELEMENTS IN KAZAKHSTAN SOILS 


3a, Pb, Ni, Co and Mo, in the carbonate and 
ulfate concretions — Sr. 


Conclusions 


A comparative study of the microelements 
1 soils of the southern and northern Kazakh- 
tan low hills has enabled us to conclude the 
ollowing: 


1, The geochemistry of microelements in 
ne hypergenesis and soil formation process 
iffers, which is seen in the adaptation of 
eparate microelements to be different com- 
onents of soils and soil-forming parent ma- 
srials. A large part of the microelements is 
ssociated with a finely dispersed hydromi- 
aceous particles (<0.001 mm in diameter). 


2. The soil formation processes affect 
1icroelement distribution throughout the soil 
rofile; microelement distribution has its 
wn specific characteristics for each group of 
oils studied; tendency toward accumulation of 
1icroelements in the soil profile is revealed 
oth for the steppe and desert type of soil for- 
1ation. 


Received January 29, 1959 
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DARK CHESTNUT CARBONATE SOLONETZ-LIKE SOILS 


OF NORTHERN KAZAKHSTAN 


A. M. DURASOV, Kazakh State University Imeni S. M. Kirov 


Widespread within the subzone of dark chest- 
nut soils of northern Kazakhstan, particularly 
in the Kustanayskaya Oblast' and northern 
parts of the Akmolinskaya and Karagandinskaya 
Oblasts are the dark chestnut soils, effervesc- 
ing from the surface. 


These soils were recently described by 
several authors (3, 6, 8,10, 12,13) during study 
of virgin soils; however, from our point of 
view, not one of these authors has properly 
shed light on the problems of the genesis of 
soils which they studied, or come forth with a 
complete list of characteristics of the soils' 
morphological features, physicochemical 
properties, and peculiarities. In particular, 
none of these authors showed (as can be seen 
from their published articles) that these soils, 
effervescing from the surface, are at the same 
time solonetz-like. Moreover, several authors 
for example, Pachikina (10) stressed the ab- 
sence in these soils of solonetzization: "the 
exchangeable cations are, for the most part, 
calcium. Sodium is hardly found at all, which 
indicates the absence of solonetzization in 
these soils.'' To back her conclusion, Pachi- 
kina makes reference to Storozhenko (13), who 
ae did not detect solonetzization in these 
soils. 


In 1954-1956 during selection and study of 
virgin area, along with students of our depart- 
ment, we conducted soil studies at several new 
grain sovkhozes in the oblasts mentioned pre- 
viously. The results of these studies differed 
radically from data obtained by the foregoing 
investigators and,from our point of view, have 
enabled us to deal more thoroughly with the 
problems of the genesis and property of these 
soils and the differences between these soils 
and the dark chestnut carbonate soils of East- 
ern Ciscaucasia and the Lower Volga Region. 1 


In comparing the dark chestnut carbonate 
soils of these two areas with dark chestnut 


!We shall conditionally assign to easternCiscau- 
casia that part of Ciscaucasia which lies east of the 
Stavropol'skoye Plateau. The Saratovskaya, Stalin- 
gradskaya and Astrakhanskaya Oblasts and the south- 
ern part of the Kuybyshevskaya Oblast' have been 
assigned by us (also conditionally) to the Lower 
Volga region. 
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soils of northern Kazakhstan which effervesce 
from the surface, we should, first of all, note 
the differences in relief under conditions of 
their occurrence. The dark chestnut carbonate 
soils of eastern Ciscaucasia and the Lower Vol- 
ga region occur under undulating-to-hilly plain 
conditions, occupying the crests of sloping 
ridges, and are formed on loess-like clay loam, 
silt clay, eluvium of Permian deposits, in 
general, on strongly carbonate soil-forming 
parent materials. Along the slopes and low 
areas between the hills these soils are replaced 
by noncarbonate types of dark chestnut soils. 


The dark chestnut soils of northern Kazakh- 
stan, which effervesce from the surface, and 
which are most widespread in the lower part of 
the Kazakhstan low hills, mainly in the Kurgal'- 
dzhinskaya depression, occupy, on the other 
hand, the slightly drained lowland strips of plair 
and are formed on quaternary yellow-brown 
fine clay loam, underlain near the soil surface 
by salt-bearing Tertiary clay. As we can see 
from the following discussion, both these and 
other deposits have less carbonates than the 
soil-forming parent materials on which the 
dark chestnut carbonate soils of eastern Cis- 
caucasia and the Lower Volga region are forme¢ 
In contrast to these areas, on the other hand, 
the dark chestnut soils effervescing from the 
surface are replaced by noncarbonate dark- 
chestnut soils along the more undulating, better 
drained areas. 


The dark chestnut soils of northern Kazakh- 
stan which effervesce from the surface also 
differ considerably from the dark chestnut 
carbonate soils of the western sections of the 
chestnut zone by morphological characteristics. 
To corroborate this, let us give here the pers 


tinent morphological descriptions of profile 
numbers. 


Profile Number 205. Dark chestnut, car- 
bonate soil, fine clay loam. Site is the kol- 
khoz imeni Budennogo, Dmitriyevskiy Rayon, 
Stavropol'skiy Kray. Topography is of the area 
between the Manych, Yegorlyk, and Kalaus tri- 
butaries. An undulating plain. Profile number 
laid out on the crest of a sloping hill. Virgin 
land. Festuca sulcata - Stipa steppe. Soil- 
forming parent material is yellow-brown loess- 


like Clay loam. Effervesces from the surface 
with HCl, 


DARK CHESTNUT SOILS 


A 0-25 cm. Dark cinnamon-brown fine 
lay loam, slightly granular, permeated by 
a ce Transition to following horizon 
radual. 


_B, 25-46 cm. Cinnamon-brown to brown, 
ine clay loam. Slightly compacted, blocky. 
‘ransition to following horizon gradual. 


B, 46-85 cm. Dark yellow-brown fine clay 
yam. Slightly compacted, blocky. Transition 
) following horizon gradual. 


C 85-(150) cm. Yellow brown, blocky, 
yess-like clay loam with carbonate spots. 


_ Profile Number 350. Dark chestnut carbon- 
te solonetz-like clay. Site is the grain sov- 
hoz imeni Gastello, Barynkul'skiy Rayon, Ak- 
10linskaya Oblast’. Topography is of the area 
etween the Ishim and Sary-Turgay. Lower 
art of the plain. Virgin land. Festuca 

cata - Stipa steppe. White wormwood and 
arsh rosemary seldom found. Soil-forming 
arent material is yellow-brown quaternary 
lay loam underlain by red-brown Tertiary 
lay. Effervesces from the surface with HCl. 


_ A 0-18 cm. Dark cinnamon-brown clay 
vam, dry, compacted, fissured from the sur- 
ice. Fine blocky. Transition tofollowing 
orizon gradual. 


» B, 18-57 cm. Dark cinnamon-brown with 
crown shade, lighter than preceding horizon. 

ine clay loam. Dry, very compact, fissured, 
feels to lumpy. Glossy incrustation along the 
.ces of the structured cleavages. Transition 


» following horizon gradual. 


| B, 57-85 cm. Brownish cinnamon-brown 
ay ‘\oam. Somewhat coarser in texture than 
sevious horizon. Compact, coarsely blocky, 
*y. Transition to following horizon clearly 
cpressed. 


.C  85-(150) cm. Yellow-brown, blocky clay 
am. Compact. Numerous spots of carbonates 
id gypsum crystals throughout horizon. 


| In comparing the morphological descriptions 
the profiles given, we see that the dark 
1estnut carbonate soil of Ciscaucasia is more 
’ less friable throughout the entire profile. 

ye compacted illuvial horizon is absent, and, 
msequently, we find no morphological signs 
‘solonetzization. On the other hand, the dark 
1estnut soil of northern Kazakhstan, effer- 
»scing from the surface, has a very compact 
suvial B horizon, which is fissured and blocky 
lumpy. These morphological signs are 

‘oof of the solonetzization of this soil. 


Let us examine the analytical data in Table 
for the physicochemical characteristics of the 


action of the soil solution, increase with depth 
in these soils. 


The texture of these soils becomes finer with 
depth; in most cases (Profiles No. 20, 192, and 
350) the transitional horizons are the finest in 
texture. Consequently, results of a particle- 
size analysis confirm the fact that the soils 
described have clearly expressed illuvial hori- 
zons where a loss from the upper horizons of 
clay particles takes place. The presence of 
such horizons, as mentioned previously, of 
chemical characteristics is further proof of the 
solonetzization of these soils. 


Based on the results of analyses and a study 
of morphological features we may draw the con- 
clusion that the dark chestnut soils of northern 
Kazakhstan, which effervesce from the surface, 
are, to some extent, solonetz-like. 


In contrast to these soils, the dark chestnut 
carbonate soils of Ciscaucasia, as seen from 
the results of analyses, given in Table 1 (Pro- 
files No. 205 and 394) do not reveal clear signs 
of solonetzization. There is a very small quan- 
tity of sodium in the adsorption complex of these 
soils. There is no significant increase with 
depth in the quantity of easily soluble salts nor 
does the total concentration of alkali rise sharp- 
ly. Besides, the texture changes very little 
within the individual horizons and, consequently, 
a clearly expressed illuvial horizon is missing. 


Of the other chemical characteristics which 
distinguish the dark chestnut carbonate solonetz- 
like soils of northern Kazakhstan from the dark 
chestnut carbonate soils of Ciscaucasia, we 
should mention less carbonates and a different 
distribution of carbonates throughout the profile. 


The highest content of carbonates in the dark 
chestnut carbonate-solonetz-like soils of nor- 
thern Kazakhstan is 6.3%, according to given data, 
while in the dark chestnut carbonate soils of 
Ciscaucasia the highest:carbonate content is 
10.2%. Maximum carbonate content in the 
former group was detected in the transitional 
horizons, while the carbonate content gradually 
increased with depth in the second group. 


The dark chestnut carbonate solonetz-like 
soils of northern Kazakhstan also differ from 
the dark chestnut carbonate soils of other areas 
in the chestnut zone by humus composition. As 
we can see from data in Table 2, an increase in 
the content of fulvic acids, owing to which the 
ratio of humic acids to fulvic acids becomes 
narrower, particularly in the illuvial horizons, 
was detected in their humus composition as 
compared with the dark chestnut carbonate 
soils of eastern Ciscaucasia, and the Lower 
Volga region. 


An increase in the content of fulvic acids in 


humus, like the results of other analyses studied 
previously, confirms the solonetzization of these 
soils, because we can see from data of this sane 
table on solonetzes a narrower ratio of humic 
acids to fulvic acids. 


rk chestnut soils of northern Kazakhstan 

lich we have just described. We see, first of 
1, from the data in this table that in the ad- 
rption complex of all dark chestnut soils of 
rthern Kazakhstan, sodium content is more 
an five percent of the total of the adsorbed 
ses, which confirms the solonetzization of 
ase soils. Moreover, solid residue, quantity 
chlorides and sulfates, total alkalinity and 

[ value, which indicates a weakly alkali re- 


Differences in the values of the ratio of car- 
bon to total nitrogen are further proof of a 
somewhat different humus composition in the 
soils which we studied, as compared with the 
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dark chestnut carbonate soils of other areas of 
the chestnut zone. In the dark chestnut carbon- 


gS ate solonetz-like soils of northern Kazakhstan, 
4 Sid this ratio, as data in Table 3 show, is on an 
g ea average far narrower than in similar soils of 
PS |aast ‘ eastern Ciscaucasia. Hence, we may conclude 
tl 2 ae that humus in the first group of soils is richer 
3| & Le in nitrogen than the humus in the second group. 
n 9 i - g s 

| 4 Ge 090 As we see from all these data the dark chest- 
o| 8 Se nut soils of northern Kazakhstan effervescing 
mal oe iT from the surface differ significantly by several 
A & < morphological features and physicochemical 
=O properties from the dark chestnut carbonate 

coo soils of other areas of the chestnut zone thus re- 


vealing a clear solonetzization. As a result, 
we cannot associate them with the dark chestnut 
carbonate soils of these regions or give them the 


BS ESeciss SSoocg same name, as the previous authors have done. 
s SQHOOR ato We consider it advisable to call these soils dark 
3 S S S Ss 3 32 S chestnut carbonate solonetz-like soils. 
SQ) SSNs) i=) és : . 
® ee In comparing our analytical data with those 
Ost tas AOOON : : 
a AAO sts OOO A St 10n 1 
NA HH 6909 AIH ot of other authors, the question may arise as to 
& Boe SENS SS why these authors did not bring out the solonetzi- 
S zation in the soils described. This may be ex- 
BSSses S2&sse ees by the fact that in most of the articles 
Comoe Coons 3,6, and 12) which we cited, we were missing 


data on the determinations of adsorbed bases. 
Only in the article by Pachikina (10) are there 
given results of adsorbed sodium determinations 
carried out for samples from only one profile 
where there was almost no adsorbed sodium. 
We cannot, of course, make any generalizations 
from analyses of samples taken from only one 
profile. We did manage to detect the presence 


es mens in these soils of large quantities of adsorbed 
Sik CPO RNS sodium; sodium determinations were made using 
— — the Godlin method, which, from our compara- 
Sere s N Sick ps tive data, should be regarded as the most ap- 
ener ee ie propriate for carbonate soils. 


The genesis of dark chestnut carbonate 
solonetz-like soils of northern Kazakhstan is 
totally different from the genesis of dark chest- 
nut carbonate soils of eastern Ciscaucasia and 
the Lower Volga region. The dark chestnut 
soils of northern Kazakhstan formed under 
slightly drained plain conditions on less carbon- 


ba: Gan Rex jet pba bec piel bien: ie 


AEP aie Ts lewd Pores eee Tah alent ow 


Oe ate soil-forming parent materials and being 
Bae ae % mS eae be originally solonets-like, have become gradually 
mast. cans enriched by carbonates. During the wet period, 
Vale chiefly in the spring when the snow melts, the 
I \ water which percolates through the soil as far 
eect <A tel | eRe : as the carbonate horizons lying comparatively 
(=) et . A 
S Leas Poe SEs: ts close to the surface partially dissolves the car- 
ves aiqe ashe ° bonates. When a hot and dry. period sets in, the 
5 x og Fa ma a S mx m4 a reverse happens — soil solution moves upwards 
oa S vrerie@ue cen bo ‘9 through the soil capillaries with carbonates and 
38 n Ral wh in a a a = during moisture evaporation the upper soil 
a O54. SUES o horizons become enriched with carbonates. Our 
ay © So me Soee = observations have shown that in early spring, 
g “aap om & & 2 # during heavy moisture, the dark chestnut soils 
S Soa SoS k o scarcely effervesce from the surface at all. In 
AsAG Aahh o the summer and, especially, in the fall, we 
S SS oa find a clear effervescence on the soil surface. 
> Sees) S3e2 5 = The carbonate migration process is further borne 
S iS Te icct etiam (. shaclinl atl a out by the fact that the maximum carbonates in 
oo SSSS OSPSCLSS = all cases is observed not within the subsoil, but 
“ -Aaaapi i epeneiii =k Selb in the transitional horizons. Within the subsoil 
Ha ree aa pee rH the carbonate percentage may be very small. 
“ON 1p st ui The carbonate content is especially low in the 
eTWoid | § ES S C horizon of Profiles No. 20 and 192, where, in 


the first case, there were fewer carbonates de- 
tected in the subsoil than from the surface. 
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Table 2 


Group composition of humus of dark chestnut soils and of solonetzes in various regions 
of the chestnut zone 


(ape . F Humus composition, % Ratiotat 
2 ane Ea humic acid 
a rae Name and location of soil %  |Humic | Fulvic Lars Aa Aes 
S acids | acids | -ocidue 
A, 

§ | 0—40} Dark chestnut carbonate solonetz- 2.25) 0 cel ko0 soul meee h 1,0 

45—25| like fine clay loam. Osokarovskiy 
Rayon, Karagandinskaya Oblast' 0,89 | 40,6 | 30,5 | 29,6 1,3 
4 | 0—40| Dark chestnut carbonate. Mozdokskiy 1,99 | 41,7 | 22,1 | 26,7 1,9 
30—40| Rayon. Severo-Osetinskaya ASSR 
(data by Suslova [15]) 1,39 (*39555| 2233| 22874 1,7 
45 | O0—15] Dark chestnut. Saratovskaya Oblast’ 1,82 | 33,5 | 19,8 | 26,4 Ae 
30—45| (data by Kononova [7]) 1,061.25 ,5| (20.84! = S44 1,4 
20 | 0—7 | Solonchak-like solonetz. Nezhinskiy | 4,35 | 28,7 | 19,7 | 27,6 1,4 
7—18] Grain Sovkhoz. Kokchetavskaya PA oe Wat S29 RATS 28,6 0,8 
20—30] Oblast’ (author's data). 4 ,1851°24,7-)-27- 52200 0,9 | 
— | 0—12) Residual solonchak-like solonetz. 1523 |a28, ool deli Aone 0,9 
42 —22| Malouzenskiy Station. Saratovskaya | 1,05 | 26,0 | 25,7 | 32,4 150 
22392] Oblast' (data by Kononova [7}) 0,84 | 17,9 | 24,9 | 33,4 0,7 


Note: Comma represents decimal point. 


Table 


3 


Ratio of carbon to total nitrogen in dark chestnut carbonate solonetz-like soils of northern 
Kazakhstan and in dark chestnut carbonate soils of Ciscaucasia (average data 
for top horizons) 


Humus 


Dark chestnut carbonate solonetz-like 
soils of northern Kazakhstan 

Dark chestnut carbonate soils of 
eastern Ciscaucasia 


4,17 
4,01 


Note; Comma represents decimal point. 


The rise of soil solutions through capillaries 
of carbonates should occur most intensively on 
the slightly drained plain, that is, precisely un- 
der those conditions in which the dark chestnut 
soils occur. Such conditions of relief combined 
with a sharply continental dry climate are the 
principal reason for the broad distribution 
within the northern Kazakhstan dark chestnut 
soil subzone of the dark chestnut carbonate 
solonetz-like soils. 


From studying the problems of the genesis 
of these soils we may say that their carbonate 
formation does not depend entirely upon the 
soil-forming parent material, which may be very 


132 


Carbon | Nitrogen 


No. of 


oe samples 


in percent 


16 
20 


2,44 
2,32 


0,314 
0,227 


reel 
10,2, 


very weakly carbonate. 


Carbonate formation of these soils represents 
a phenomenon of secondary character and we may 
distinguish them as secondary carbonate dark- 
chestnut soils just as Prasolov (11), Afanas'yeva 
(1), Bogomolov (2), Nosin and co-authors (9). 
and several other investigators have distinguishe 
secondary carbonate chernozems among the car- 
bonate chernozems in the different regions of 
the chernozem zone. 


V. A. Nosin and co-authors (9) regard as 
primary carbonate those chernozems where 
"calcium and magnesium carbonates are 
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inherited from the soil-forming parent material 
(bedrock formation) which has preserved car- 
bonates for a long time even during intensive 
weathering. Such are the carbonate cherno- 
zems developed on the weathering products of 
dolomites, chalk, limestone, marl and simi- 
lar materials...'' These investigators have 
assigned to secondary carbonates chernozems 
enriched by carbonates as the result of some 
kind of interference or radical changes in soil 
formation conditions, particularly, a change 
in the water regime. 


We feel that the positions of the authors 
mentioned are valid with respect to the dark 
chestnut soils described. 


There is, of course, no doubt that the 
phenomenon of carbonate migration which we 
described and the formation of similar soils 
may be observed also in other regions of the 
chestnut zone: in eastern Ciscaucasia and in 
the Lower Volga region. And actually, we did 
come across dark chestnut carbonate solonetz- 
like soils in Ciscaucasia. Moreover, we might 
mention that in northern Kazakhstan, too, among 
dark chestnut soils effervescing from the sur- 
face, we may occasionally run into non- 
solonetz-like or practically non-solonetz-like 
soils. 


However, on the basis of our own observa- 
tions, and considering the whole complex of 
natural conditions, and their differences in the 
separate regions of the chestnut zone, we 
come to the following conclusions. The dark- 
chestnut carbonate soils, which have no signs 
of solonetzization, are predominant in the 
Lower Volga region and, particularly, in 
eastern Ciscaucasia, while, on the other hand, 
(as pointed out earlier) the dark chestnut car- 
bonate solonetz-like soils are predominant in 
northern Kazakhstan and even predominate in 
places, as, for example, in the Kurgal'dzhin- 
skaya depression. 


Establishing the fact that dark chestnut soils 
of northern Kazakhstan effervescing from the 
surface are, in most cases, solonetz-like is of 
great practical importance. If these soils were 
only carbonate, we could assign them to a sin- 

le agricultural production group of typical 
that is, noncarbonate and nonsolonetz -like) 
dark chestnut soils, and recommend similar 
scientific agricultural measures for increasing 
fertility, because the carbonate (that is, pri- 
mary carbonate) soils resemble in most of 
their properties the typical zonal soils. 


A totally different situation develops when 
these soils are at the same time both carbonate 
and solonetz-like. On these soils, to a far 
sreater extent than on the typical and primary 
carbonate dark chestnut soils, we need meas-~ 
ures to improve the physical properties, es- 
oecially measures aimed at destroying the 
compacted illuvial B, horizon. Available data 
shows (14) that deep plowing without mold- 
ooard using T.S. Mal'tsev's method is, for 
xxample, particularly effective on these soils. 


133 


Generally speaking, as we know, agricultural 
techniques employed on solonetz-like soils 
should differ from those used on soils which 
have no signs of solonetzization. 


Hence, it is clear how important the study of 
the genesis of morphological features, physico- 
chemical properties, and specific characteris - 
tics of soils is when they are being reclaimed for 
agriculture. 


Received June 18, 1958 
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THE IMPORTANCE OF THE CRYPTO-GEOLOGICAL STRUCTURE 
OF CENTRAL ASIAN ALLUVIAL PLAINS 


FOR RECLAMATION PURPOSES 


A. A. ALEKSIN, Comprehensive Southern Geological Expedition of the Academy of Sciences, USSR 


The resolutions of the Twenty-First Con- 
ference of the Communist Party of the Soviet 
Union, aimed at intensifying the development of 
all branches of agriculture and establishing an 
abundance of products and raw materials, has 
posed before geology very important tasks as- 
sociated with reclaiming soils of dry regions. 
As soon as possible we will have to develop and 
put into practice a plan to improve the land re- 
clamation status of soils in irrigated districts. 
Much abandoned land, developed as a result of 
Salinization, should be reclaimed in the very 
near future. At the same time we are faced 
with resolving the problem of radically im- 
proving the land reclamation state of large land 
areas having an excessive age-long salinization. 


Soviet specialists in land reclamation have 


achieved great successes in controlling saliniza- 


tion of soils. Many difficult problems in the 
land reclamation phase of soil science con- 
forming to the concrete conditions of irrigated 
areas have been solved. Solving these prob- 
lems was possible only when we made a de- 
tailed study of the natural conditions of vast 
geological regions. Such a study has enabled 
us to conduct a profound scientific analysis of 
the causes of soil salinization and to lay down 
basic principles for land improvement meas- 
ures. 


Under central Asian natural conditions re- 
clamation of new areas under grain crops is 
restricted to a great extent by soil salinization 
as a result of the high ground-water level. 
Here hundreds of thousands of hectares of ir- 
rigated areas have been subjected to saliniza- 
tion, which leads to a significant decrease in 
the yield of cotton and other valuable crops. 


Under dry climatic conditions, present-day 
irrigation is impossible without carrying out 
simultaneously special soil reclamation meas - 
ures, one of the most important of which is a 
different type system of drainage construction, 
that is, a system having an artificial outlet for 
soil and ground waters from the irrigated area. 


One of the main obstacles to the effective 
operation of drainage installation is the hetero- 
geneous soil materials to be drained as well as 
failure to take into account certain patterns in 
soil distribution by area, which depend upon 
geological structural factors. Under conditions 
of central Asian irrigated districts, where 
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principal agricultural lands are distributed over 
large areas of recent and ancient alluvial plains, 
easily subjected to waterlogging and saliniza- 
tion, soil drainage is particularly important. 


The present cost of drainage installations 
still remains very high, and amounts to a total 
of 4-5 thousand rubles per hectare, (4). Thus, 
drainage construction projects should be 
thoroughly justified. 


The basic principle of effective drainage 
(3) is determined by the predominance of 
downward flows of water over upward flows, 
independent of the form in which the moisture 
moves: whether gravitational, capillary, or 
film. Thus, we are not compelled to use deep 
drainage directly on strips which are being 
reclaimed. Only one fact is important here: 
to protect the soil from salinization we must 
create conditions by which ground-water flow 
will be in a downward direction, and the fresh 
irrigation waters will dispose of and force out 
the saline ground waters into the deeper hori- 
zons; this disposal of saline ground waters may 
be realized far beyond the limits of irrigated 
regions. 


Proceeding from this viewpoint of drainage 
operation in irrigated districts, we must con- 
sider that application of closed drainage sys- 
tems directly on irrigated strips cannot be 
fully justified. 


Applying vertical drainage from this point 
of view is also impracticable. With this aspect 
of drainage there arises the problem of dispos- 
ing of the drained waters. If these waters are 
disposed of near the drained units, then this 
will be of no advantage but instead will be detri- 
mental; the drained salt waters will gradually 
again return, because of infiltration, and total 
desalinization of the strip will not take place. 
Consequently, to pump out water using vertical 
drainage we need a system of long conduits for 
disposing of the water beyond the irrigated 
region. At present this method is hardly ap- 
plicable in light of the acute shortage of con- 
duits. Thus, there remains as the most prac- 
tical aspect of drainage the open drainage col- 
lectors, construction of which under present- 
day excavation standards is the cheapest. The 
whole problem leads to selecting a site for the 
main drainage collectors according to geo- 
structural conditions which determine the water 
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permeability of soil materials, and the natural 
means of ground-water flow. 


In examining data obtained from observing 
the ground water regime, it is not difficult to 
see that ground-water level usually rises not 
because of ground-water spreading but because 
of the distribution of the hydrostatic pressure 
surge. Legostayev (5) points out that the dis- 
tribution of the pressure surge of ground 
waters takes place in the alluvial deposits of the 
lower reaches of the Amu-Dar'ya with an 
average velocity approximately equal to 1, 000 
meters per day; in the Golodnaya Steppe in the 
sandy loam to clay loam soils with a velocity 
of 800-900 meters per day, and under Fergan- 
skaya Valley conditions in the fine gypsiferous 
soils with a velocity of 700-800 meters per day. 
We also obtained similar data in the lower 
reaches of the Amu-Dar'ya during our studies 
for hydrotechnical installations in 1950-1953. 


These figures indicate not the velocity of 
horizontal movement of ground-water flow but 
the velocity of pressure head delivery in the 
soil from one point to another. The actual 
velocities of spreading and horizontal flow are 
measured under the same existing conditions 
expressed by tenths and hundredths of a frac- 
tion of a meter per day. 


Thus, the essence of drainage is not re- 
duced to constricting ground waters situated in 
the presurface layer of ground-water flow, but 
to removing a certain amount of pressure head, 
which enables us to maintain the level of ground 
waters at a depth most conducive to the growth 
of agricultural crops. Hence, the distances 
between drains are determined not by the 
water table depression curve but by the pres- 
sure head transmitted throughout the more 
deeply occurring soil materials, which usually 
have a double-layered structure on the alluvial 
plain bottomland clay loam and sandy loam on 
top, sand of river beds below. Consequently, 
realization of effective drainage depends not so 
much on the distance between drains and the 
depth to which they are laid as on a successful 
choice for their direction depending upon geo- 
logical structure. 


Standardizing technical conditions during 
planning calls for the need of establishing a 
landscape classification in the different zones 
of irrigated regions. For such a classification 
the following geomorphological features are 
usually assumed as a basis: river terraces, 
watersheds, lowlands, alluvial-delta plains, 
coastal plains, dry river deltas, etc. How- 
ever, no one geomorphological feature is suf- 
ficiently adequate to describe the character of 
the soil reclamation conditions. There is 
still one very important factor which deter- 
mines within each landscape the properties 
and capacity of soils for water yield — this is 
the geological structural design of rocks which 
lie under alluvium, on which soil is developed. 


If rivers, crossing along their way, areas 
with a different geological structure, reflect 
this structure in the character of their valleys, 
then we shall fail to establish any direct re- 
lationship in structure between the relief of the 
earth surface and the deep structural elements 
on the vast expanses of the alluvial plain of the 
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lower reaches of the Amu-Dar'ya, where 
basically there is no valley. These relation- 
ships can be seen sufficiently clearly in the _ 
lithological composition of the alluvial deposits 
which comprise this plain. 


Establishing these relationships will make it 
possible, with knowledge of well-known structur- 
al concepts, to predict the character of the 
alluvial deposits — their thickness, particle - 
size composition, salinity, etc., which is of 
great importance in evaluating land-improve- 
ment areas undergoing agricultural utilization 
and, particularly, in evaluating the possibilities 
of applying drainage as a means of controlling 
salinization of soil during irrigation. 


The data which we have on hand indicates 
quite clearly that the alluvial plain at the lower 
course of the Amu-Dar'ya sustains the effect of 
recent tectonic movements and that these move- 
ments have been acquired from the more remote 
geological periods, that is, the zones, which 
correspond to the sags of the more ancient 
strata, tend to sag even at the present time. 
Thus, even recent alluvium in these zones is 
characterized by a finer texture. From facts 
(2) known to us, the rate of these movements 
is ne asured in millimeters per year. For ex- 
ample, from precise geodetic levelling data (6), 
the average rates of present-day subsidence 
within the Azovo-Kubanskaya depression are 
3-5 mm per year, in the lower reaches of the 
Terek River, 5-7 mm per year; the uplift of the 
Srednerusskaya elevation is estimated at 1.5- 
2.0 mm per year, etc. 


Thus, we see that recent tectonic movements 
may substantially affect gradient changes in 
river flow and, consequently, textural alluvium 
deposited by this flow. Hence, there develops 
a dependence of recent tectonic movements upon 
the degree of soil salinization, direction of 
ground-water flow movement, its rate of move- 
ment, etc: 


From this example of the alluvial plain of 
the lower reaches of the Amu-Dar'ya, we shall 
attempt to show the importance of the total geo- 
logical structural arrangement in planning or 
designing drainage systems. As a result of 
geological engineering studies recently con- 
ducted here, a large number of holes were 
drilled and much data accumulated on the tex- 
ture of alluvial deposits. These data showed 
that a spatial distribution of the river bed sand 
facies of alluvial deposits follows definite 
patterns with respect to texture. The most 
coarse sandy material is found in zones situa- 
ted at the extension of the structural uplifts; on 
the other hand, in zones lying at the extension 
of tectonic depressions, the alluvial deposits 
are characterized by finer textural material. 


The large area occupied by the alluvial plain, 
beginning from the lower reaches of the Amu- 
Dar'ya and Aral Sea and ending in the region of 
the Verkhne-Uzboyskiy gorge is an ancient 
valley which had been formed by the river. This 
river had a fairly low base erosion, because 
the absolute markings of the ancient erosion 
water edges within this valley were 60-70 m 


below the present-day surface of the alluvial 
plain. 
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Sand and silt deposits of greenish-gray color 
with a thickness of about 10 m are basically 
distinguished in the bed of Quaternary sedi- 
ments which fill this ancient valley. Higher 
throughout the profile there occur ancient al- 
luvial sandy clay deposits up to 35 m in thick- 
ness. 


The Amu-Dar'ya deposits which are situated 
even higher and comprise the upper part of the 
alluvial plain profile consist in the upper part 
of clay loam (floodplain or bottomland facies), 
with a 3-4 m thickness, and of very fine and 
fine-grained sand (river bed facies) underlying 
them. The Amu-Dar'ya deposits are approxi- 
mately 30-40 m thick. 


From mass analyses of the Amu-Dar'ya al- 
luvial deposits it was established that the sands 
of the river bed facies are heterogeneous 
throughout the entire area of the alluvial plain. 
This heterogeneity is determined not only by 
the structural character of the delta itself and 
by the principal patterns of sediment accumula- 
tion within the estuarial delta plains, but, also, 
in this case, by abyssal tectonic structure 
which plays an important part. We arrived at 
this conclusion based on the fact that sand 
distribution in the plan having a varying texture 
conforms to a linear northwest and southeast 
direction, that is, a direction coinciding with 
the basic structural elements of the native 
rocks (bedrocks). 


In studying the texture of alluvial sands in 
the lower reaches of the Amu-Dar'ya, we see 
that these sands may be, generally speaking, 
divided into two groups (Table 1). 


flationary processes and is responsible for the 
formation of the moving aeolian sands. Asa 
result of the erosion activity the channels or 
streams of the Amu-Dar'ya, the bed of alluvial 
deposits on these strips becomes continually 
more sandy. Here, too, the higher gradients 
in the river itself contribute to this process. 


The sands of the second group contain less 
than 80% of a fraction >0.05 mm in diameter and 
are characterized by a heterogeneity coefficient 
1.8. The sands of this group represent, pri- 
marily, the river bed facies of alluvial deposits, 
which are widespread within the zones of tec- 
tonic sags. 


The zones where the sands of the first group 
are prevalent are characterized by development 
of dry compact Takyrs and solonetzic soils. In 
the zones where the sands of the second group 
are widespread, the soils are salinized con- 
siderably more and are chiefly covered by 
fluffy solonchaks; here, the ground waters crop 
out and evaporate. Mineralization of ground 
water and the concentration of salts in it also 
differ in these zones. In the zones where the 
alluvial deposits have a coarser texture, the 
salt concentration in the water usually does not 
exceed 6-8 g/l; the water here is, for the most 
part, sodium sulfate. In the zones where the 
alluvial deposits have a finer texture, salt con- 
centration in the ground waters is 20-30 g/l, and 
ground-water mineralization is, principally, 
sodium chloride. 


The textural difference of the sands of the 
first and second group and the presence in 
zones where sands of the second group are 


Table 1 


article size analysis of alluvial sands in the lower reaches of the Amu-Dar'ya expressed in percent. 


Diameter, mm 


Selaysl |= 
group Hetero- 
1,0—0,5 0,5—0,25 0,25—0,1 0,1—0,05 0,05—0,01 | 0,01—0,005} <0,005 geneity 
coef. 
Group I 2s 5,7 35,0 5 5,4 | 0,7 1,8 
Group II ey: a 9,8 67, 118}.15} 2,4 Pail 
_ Note: Comma represents decimal point. 


Sands of the first group contain more than 
30% of a fraction > 0.05 mm in diameter and 
wave a heterogeneity coefficient <<1.8. These 
sands represent, primarily, the river bed 
facies of the alluvial deposits which are wide- 
3pread within the zones of tectonic uplifts, and 
1lso the masses of aeolian sands. 


Similarity in texture between the alluvial 
3ands of the pre-uplifted zone and the moving 
Aeolian sands is a very noteworthy fact, be- 
-ause areas of the alluvial plain, which are 
within the zones of tectonic uplifts, are 
characterized by a more intensified erosion _ 
nanifested by a small network of gullies. This 
sircumstance favors the development of the de- 
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prevalent of a large quantity of gypsiferous 
sandy and clay loam interlayers affects to a 
great extent the compactness of structure of the 
sandy layers and the infiltration coefficient. If 
the infiltration coefficient for sands of the first 
group, based on mass field and laboratory 
studies, has a value of the order of 20 m per 
day, the infiltration coefficient for sands of the 
second group will be expressed by a value not 
exceeding 5 m per day. 


A study of the distribution patterns of al- 
luvial deposits having varying textures shows 
that the zones enriched by more sandy material 
and zones with a predominance of sandy and 
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Fig. 1 - A - Fine grained sands of the first group; B.- very fine grained sands of the 
second group; C - isolines of the structural surface of the Paleogene base determined 
by boring; D - most practical site for main drainage collectors. 


Structural elements concealed under alluvial deposits. The depression zones: 1 - 
Balyklinskaya; 2 - Kunya-Urgenchskaya. Pre-uplift zones; 3 - Koykyrlanskaya; 4 - 
Nazarbayskaya; 5 - Priamudar'inskaya. Structural elements divided by hypsometric 
position of the base of Paleogenic deposits at the extension of the crypto zones of 
the alluvial plain; 6 - Khivinskaya depression; 7 - Shordzhinskaya anticline; 8 - Ay- 


bugirskaya anticline; 9 - Cheshtepinskiy sag; 10 - Verkhne-Uzboyskiy sag; 11 - Akhcha- 
kainskaya anticline; 12 - Takhtinskaya zone of uplifts. 


clay loam interlayers have, basically, a north- 


al plain, beginning from Uzboy, we can clearly 
west direction. distinguish in the northeast a large sandy zone 
with a predominance in the river bed facies of 
Figure 1 shows the distribution of the dif- sands of the first group. This sandy zone called 
ferent groups of alluvial sands in the lower the Koykyrlanskaya uplift zone, continues north- 
reaches of the Amu-Dar'ya and their relation- west towards the Shordzhinskaya anticline; the 
ship to the structural plan of native rocks. Koykyrlanskaya and Akhchakainskaya anticlines 
are Situated to the south-southeast at the exten- 
On the large area of the Amu-Dar'ya alluvi- 


sion of the sandy zone. The Tuzgurskaya anti- 
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line is situated at the northeast border of this 
jone. The width of the sandy zone within the 
Jluvial plain is more than 50 km; its course 
an be traced for 100 km. 


From the northeast towards this sandy zone 
here borders a zone where we observe in the 
hickness of the alluvial deposits an abundance 
ft clay loam interlayers and a predominance in 
he river bed facies of very fine grained sand of 
he second group. In the northwest this zone 
Oincides with the Cheshtepinskiy sag, situated 
etween the Shordzhinskaya and Aybugirskaya 
nticlines; in the southeast it is characterized 
yy greater thicknesses in the upper Quaternary 
leposits. We have called this depression zone 
he Balyklinskaya zone after the name of the 
3alykly well, where the zone had been first 
stablished from a group of wells, by the ex- 
edition of the Hydrological Project. The 
vidth of the Balyklinskaya depression zone is 
bout 30 km; it is wider to the southeast-up to 
0km. The zone can be tracked for more than 
00 km to the northwest and southeast. 


In the northeast the Balyklinskaya depression 
one is replaced by the Nazarbayskaya zone of 
iplifts, which is characterized by a sudden 
redominance in the river bed facies of sands 
f the first group. This sandy zone extends 
rom the Aybugirskaya anticline southeast to- 
vards the Takhtinskaya zone of uplifts, which 
s characterized by a decrease in the thicknes- 
es of the Quaternary deposits and by a com- 
aratively close occurrence of the Paleogenic 


lays. The Nazarbayskaya pre-uplifted zone 
Ss about 25 km wide. Its course is traced for 
20 km. 


Further to the northeast the Nazarbayskaya 
andy zone is replaced by the zone where the 
ands of the second group again are predomi- 
ant in the river bed facies of the alluvial de- 
osits, and where the clay loam and sandy 
oam interlayers appear. This zone, called 
he Kunya-Urgenchskaya depression zone, 
ends to close in in a northwest direction which 
s indicated by the decrease in the thickness of 
he alluvial deposits and by the change in their 
ithological composition in the direction of 
and predominance. Toward the southeast the 
‘unya-Urgenchskaya zone, in all probability, 
oes not close in but opens up in the direction 
f the Khivinskaya dépression zone, where the 
lluvial deposits are characterized by more 
ery fine texture with the presence in the river 
ed facies of sandy and clay loam interlayers. 
‘he Kunya-Urgenchskaya depression zone is 
bout 20 km wide. It extends southeast and is 
raced for more than 100 km. 


From the northeast the Kunya-Urgenchskaya 
epression zone is restricted by the Priamudar'- 
iskaya pre-uplifted zone, with a predominance 
1 the alluvial deposits of sands of the first 
roup and also outcrops on the surface of upper 
retaceous rocks along the Amu-Dar'ya. 


The relationship between the texture of the 
iver bed facies of the alluvial deposits and the 
tructure plan of the native rocks can be seen 
ot only in the upper Quaternary bed of the 
mu-Dar'ya alluvial deposits; like relationships 
re being established also in the lower Quater- 
ary deposits and in the Zaunguzskaya Pliocene 
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sandy-clay alluvial thickness. 


Our research (1) has shown that gypsum is 
accumulated in the bed of alluvial deposits in 
the water table fluctuation zone and that an in- 
crease in the content of gypsum at specific 
horizons or levels is associated with an earlier 
higher standing of ground waters. Gypsum is 
not accumulated everywhere with the same in- 
tensity within the water table fluctuation zone. 
Redistribution of gypsum within the aeration 
zone and its varying content is associated with 
a change in subsurface runoff erosion levels. 
Gypsum accumulation depends not only upon the 
character of the subsurface runoff associated 
with the structural plan of rocks which under- 
lie the alluvial deposits; this process is also 
found to be in direct relationship with the 
specific characteristics of the structure of the 
actual layer of alluvial deposits. The gypsi- 
ferous state is more indigenous to clay loam 
materials than to sandy materials. Con- 
sequently, the degree of gypsiferousness de- 
pends upon the texture of the alluvial deposits 
and this has a direct relationship also to the 
structural plan of native rocks, that is, the 
structural plan, the epigenetic gypsum ac- 
cumulation, and the texture of alluvial deposits 
are interrelated. 


Thus, within the alluvial plain we have singled 
out the more gypsiferous zones where deposits 
with more very fine texture are predominant, 
and zones less gypsiferous with coarser tex- 
tured alluvial deposits. The former are dif- 
ficult to drain; the latter are considerably 
easier. 


The basic conclusion to be drawn from these 
patterns of change in texture of sandy beds of 
the alluvial plain as a function of the structural 
plan of native rocks concealed beneath them is 
that the recent tectonic movemerts appear quite 
intensively in the lower reaches of the Amu- 
Dar'ya. These movements have, undoubtedly, 
a differentiated and acquired character. The 
intensiveness of these movements may be 
estimated up tol mm per year. The fact that 
in the plan the sandy zones in the alluvial de- 
posits coincide with the positive buried struc- 
tures of the more ancient rocks is proof of the 
inheritance of contemporary tectonic move- 
ments. Present tectonic movements will form 
contemporary structural elements along basic 
northwest lines with these lines having no 
strictly straight direction. 


The foregoing considerations on the soil dis- 
tribution patterns on alluvial plains enable us 
to draw the practical conclusion that it would 
be advisable to plan an irrigation and drainage 
network in such a way as to arrange the main 
irrigation canals within tectonic uplift zones 
and the main drainage collectors within the 
tectonic depression zones (see Figure 1). In 
this way the entire irrigation system will be 
at maximum effectiveness. The percolated 
ground-water flow from the irrigation canals 
will continually be directed toward the drainage 
collectors according to its natural direction. 
This flow will hydrostatically force the saline 
ground waters into the drainage collectors. 


Such an irrigation system layout will, in the’ 
end, lead to total desalinization of vast irrigated 
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regions, to a gradual and universal replacement 
of saline ground water by fresh water; this will 
enable crops to use the fresh water in the sub- 
soil and, consequently, to lessen the irrigation 
water discharge throughout the entire system. 
Thus, by using one and the same size irrigation 
canal, the coefficient of its useful operation will 
be increased. 


Received April 15, 1959 
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EFFECT OF DRAINAGE ON THE FOREST-GROWING PROPERTIES 


OF PEAT-HUMUS SOILS 


A. YA. ORLOV and A. A. IZVEKOV, Forestry Laboratory, Academy of Sciences, USSR 


Excessive soil moisture is one of the main 
factors reducing the productivity of taiga 
forests. Quite often poor forest growth is due 
to the fact that prolonged excessive seasonal 
moisture prevents utilization of a great poten- 
tial supply of nutrients. This is the case with 
the peat-humus gleyed soils occupying large 
areas in regions of calcareous morainic materi- 
als in flatlands and in the middle and lower 
parts of gently sloping small elevations and low 
ridges. 


The peat-humus gley soils develop when 
shere is excessive hard-water periodically, and 
they characteristically have a peaty layer 5-10 
om thick (sometimes up to 20 cm) immediately 
9elow the litter. Below the peat there isa 
coarse clay loam humic layer (5%-10% humus 
content) which changes at a depth of 30 cm to 
a dense, relatively impermeable fine clay 
loam. Only during dry periods does the water 
able drop below 50 cm (or below 1 m in some 
years), while during seasons of heavy rain it 
rises to the surface. 


Tree roots are concentrated mostly in the 
itter and the peat horizon. They develop 
poorly in the frequently saturated humic hori- 
zon and do not penetrate at all into the fine 
slay loam horizon, which has the highest total 
ish contents. 


In 1955-1956, at the Kharovsk Leskhoz 
Vologda Region), a special study was made of 
he principal properties of peat-humus soils, 
ncluding the dynamics of nutrients and aeration 
ind also of the distribution of absorbing roots 
trees. This study showed that a few very 
‘imple drainage measures can greatly improve 
orest growth on these soils. 


In view of this, in May of 1957, we instituted 
xperimental drainage operations on small 
ots in a new cut-over area and in a yound de- 
iduous forest. The cut-over area (cut over in 
he winter of 1956-1957) had formerly held ma- 
ure spruce (site quality index IV) and a few 
irch trees, yielding about 250 m3/ha of wood. 
ts vegetation consisted of gout weed, forest 
orsetail, creeping buttercup, spiraea, aconite, 
{nium species, sphagnum moss, Dicranum 
Coparium, Rhytidiadelphus triguetrum, and 
thers. There was almost no undersronth left 
fter cutting and logging. For faster informa- 
on on the effects of our drainage measures on 
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forest growth, we planted young spruce trees on 
both the experimental and the control plots. 


The second experimental site was a drained 
plot in a young deciduous forest growing on an 
area burned over 15 years earlier. It con- 
sisted primarily of willow with a large admix- 
ture of white birch. Below the cut-over tree 
canopy there was a story of spruce saplings 
growing very slowly and showing distinct signs 
of dying (their needles were turning yellow). 
Here we also had a control plot. 


Both areas had similar peat-humus gleyed 
soils with a thin (5-7 cm) peat horizon. The 
surface sloped about 1.5°. Ditches 30-40 cm 
deep were dug at an angle along the contour 
lines at the upper and lower boundaries. They 
were then interconnected by a network of trans- 
verse drains 10 m apart. 


During the growing seasons of 1957 and 1958, 
we made observations on our drained and control 
plots. A record was kept of the following factors: 
fluctuations of the water table; soil moisture 
content; oxygen content in the ground water; con- 
tent of available nitrogen, phosphorus, and 
potassium in the soil; content of ferrous and 
ferric oxides in the soil; growth of spruce 
trees; adaptability of spruce trees (on clear-cut 
area only); content of nitrogen and ash in 
branches, needles and leaves (birch and spruce 
trees). 


Fluctuations in the water table were deter- 
mined by means of pipes (20 per each plot) sunk 
into the soil to a depth of 80 cm and laid out in 
lines perpendicular to the drains. Samples of 
ground water were collected four times a month 
from filters positioned 15 cm, 30 cm, and 50 
cm deep, and alsq directly from the litter layer 
and peat horizon.* Mobile ferrous and ferric 
oxides were determined in a 1.0-N H,SO, ex- 
tract withaa'-dipyridyl, while available P,O, 

Kirsanov's method) and ammonium nitrogen 

in 0.5 N H,SO, extract) were determined in 
fresh soil samples taken from three soil hori- 
zons (0-5 cm, litter layer; 10-15 cm, upper part 
of the humic horizon; and 25-30 cm, lower part 


‘rhe method of sampling the soil and ground water 
is described in Orlov's article (2). 
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of the same horizon). Each sample analyzed 
was made up of soil from five sampling holes 
and two or three replications were used, The 
same samples were used to determine moisture 
content. Available potassium was determined 
in dry samples (Kirsanov's method). Samples 
were taken seven times during the growing 
season in 1957 and four times in 1958. Materi- 
al for ash analysis (needles, leaves, new 
branches) was collected from young trees once 
in 1957 and three times in 1958. The average 
samples analyzed consisted of selected materi- 
al from at least one-hundred different trees of 
each species. 


Depth, cm 


Fig. 


July 


the rain water is simply mixed with the large | 
volume of oxygen-deficient soil water, does not | 
reach the deeper levels, and brings oxygen only | 
to the very top soil layer. On the whole, the | 
oxygen content in the soil water was above 2 mg/ 
liter in 16% of the cases for the control plots, | 
and in 21% of the cases for the drained plots. 
The small variation of the oxygen content in the | 
water of peat-humus soils when drained is due | 
to its rapid absorption by soils containing 
large amounts of organic material 5,1). The | 
improved supply of oxygen to plant roots after 
drainage results chiefly from the lowering of the | 
water table and not from any increase in the | 
| 


|] - Changes in the ground-water level in the 


clear-cut area during the growing period. 


1 - control plot in 1957; 2 
3 - drained plot in 1957; 4 


In this paper we summarize the results of 
our observations and present some conclusions 
on the effectiveness of very simple drainage 
methods as applied to peat-humus gleyed soils. 


A comparison of the water table in the 
drained and control plots shows clearly that 
use of the simplest drainage could greatly in- 
crease the thickness of the active soil layer re- 
ee from the water-logged portions (Fig. 


Findings were similar also in the clear-cut 
area. 


In most cases the water of peat-humus soils 
contains very little oxygen. The oxygen content 
of water samples from the 0-30 cm layer of the 
control plots did not exceed 1 mg of oxygen per 
liter in 59% of all cases and even less than 0.5 
mg/liter in 41% of the cases. Only immediately 
after heavy rains did the oxygen content some- 
times rise to 2-4 mg/liters, and, in very rare 
instances, to 7 mg/liters. The content was 
highest in the fall, and sometimes also in the 
spring, when soil temperatures were low. 


No significant differences were observed in 
the oxygen concentrations of water samples 
from the soils of the drained and control plots. 
The oxygen content was higher only after heavy 
rains, when water rich in oxygen saturated the 
soil to a considerable depth. In the control 
plots the penetration of oxygen-rich water is 
impeded by the high ground-water level. Hence 
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- control plot in 1958; 
- drained plot in 1958. 


oxygen content of the water. 


The faster flow of the precipitation water in 
the drained areas affected the state of the soil mois- 
ture. While the moisture of the litter was not sub- 
stantially different at the time of drainage and two 
weeks later inthe drained and control areas of the 
cut-over area, amounting to 450%-490% (ofthe 
absolutely dry material), yet inthe subsequent 
period the effect of drainage became very pro- 
nounced. The moisture content of the litter on 
July 2 was 400% on the drained plot and 566% on the 
controlplot. OnJuly 19 itwas 212% and 426%, re- 
spectively. On August 5 these values were 317% 
and 525%, respectively; on August 21, 455% at 
560%; and on September 9, 426% and 488%. The 
moisture content of the litter inthe drained area in 
a sapling stand during this same period varied from 
376% to 576%, andonthecontrolplot, from 426% 
to 669%. The effect of drainage in 1957 was less 
pronounced on the moisture of the humus horizon. 


In the second year, 1958, we found a more 
pronounced difference in the soil moisture con- 
tents of the drained and control plots (Table 1). — 
The data of Table 1 show that the moisture con- 
tent of the litter, which contains more than half 
of the total mass of spruce roots, is much lowe 
in the drained plot during both the wet and the 
dry seasons. A very substantial difference is 
also observed in the moisture content of the 
upper part of the humus horizon. The moisture 
content of the lower layer of the humus horizon 
(25-30 cm) is also appreciably lower in the 
drained plots than in the non-drained, especiall 
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Table 1 


Soil moisture content in the drained and control plots in 1958, in % 
of absolutely dry matter 


Note: 


| 
0 


Jul. 2 


Date 
Depth, 
Plot em May June August Sept. 
21-25 27-30 8-11 19 
Cléar-cut  Q_5 408 327 178 310 
area, drained 49__45 129 102 74 
25—30 32,8 32,1 20,6 
Clear -cut 0O—5 720 ial DUP iiays. 
area, cone} 140—15 158 419 90 
25—30 Bin Of R62 28,2 | 
Young forest,,; Q—5 506 423 225 — 
drained 40—15 119 162 72 — 
25—30 26,9 36,1 28,7 = 
Young forest,| Q—5 809 614 Sy — 
control 10—15 482 166 £20 = 
25 —30 34,4 40,5 40,6 “= 


Jul. 10 Aug. 5 


1957 


aot 


Aug.21 Sep. 9 


Comma represents decimal point. 


Pe eee 


un.25 Aug.10 Sep. 20 
1958 


Fig. 2 - Content of mobile ferrous oxide compounds 1) in the drained plot and 2) 
in the control plot of the clear-cut area (in mg per 100g of dry matter) . 


A - litter; 


ithe young deciduous stand. 


B - 10-15 cm depth; 


The change in the water regime of the drained 
ts should also improve the soil aeration. One 
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C - 25-30 cm depth. 


of the indicators of soil aeration is their content 
of ferrous oxides, which is governed by the oxy- 
gen supply to the soil and the speed of its utiliza- 
tion. The quantity of mobile ferrous compounds 
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Fig. 3 - Content of mobile ferrous oxide compounds in drained and con- 
trol plots of the young forest, 


See Legend for Figure 2. 


in the soil also depends on the total content of 
mobile forms of iron (ferrous and ferric oxides) 
in any particular season and on other factors 
than aeration. No direct relationship has been 
established between the content of ferrous 
oxide in the soil and the plant activity (3). Re- 
gardless of this, the content of mobile ferrous 
oxide and its relationship to ferric oxides can 
be regarded as indicating, to a certain degree, 
the variation in the availability of oxygen to 
plants after drainage of excessively wet soils. 


The effect of drainage became apparent in 
the clear-cut area after only half a month: the 
content of mobile ferrous oxides in the litter 
was much lower in the drained area than in the 
control plots (Fig. 2), This difference was ap- 
parent to a lesser degree during the growing 
season of 1957 in the humus horizon. In the 
young deciduous stand no substantial decrease 
in the content of ferrous oxide was observed for 
the drained area as compared to the control 
plot in 1957 (Fig. 3). 


In the second year after drainage very large 
differences appeared as regards the content of 
ferrous oxide in the drained and control plots 
both in the clear-cut area and in the young 
stand (Fig. 2 and 3). At the end of May, when 
the total content of ferrous oxide was small (a 
fact apparently associated with the lack of any 
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considerable warming of the soil), there was 
little or no difference in the ferrous oxide con- 
tent (except for the litter in the clear-cut area). 
Soil warming, by intensifying biological pro- 
cesses, caused a considerable increase in the 
ferrous oxide content under the extremely wet 
conditions of the control plots, while in the 
drained areas the content rose only slightly and 
in some cases it declined. During this period 
of increased growth of aerial organs, which is 
very important in the life of the plants, the 
drained areas contain, as a rule, two or three 
times less mobile ferrous oxide than the cor- 
responding soil horizons in the control plots. 
Larger differences are seen at the beginning of 
August. In autumn (middle of September), when 
there is a general decrease in mobile ferrous 
oxides in the soil, the differences level out 
ne (we have data only for the clear-cut 
area). ! 


The content of ferrous oxides, expressed in j 
percents of the sum of mobile ferrous and fer- 


It is interesting to note that, in the period 
from the end of June to late August 1958, the 
absolute concentration of ferrous oxide remain 


DRAINAGE EFFECTS 


Table 2 


Content of ferrous oxide compounds in 1958, in % of total content 
of mobile ferrous and ferric oxides 


Date 


May 
24-25 


Sept. 
20 


June 
25-30 


August 
10-11 


Clear -cut 
area,drained 


Clear -cut 
area, control 


Young forest, 
drained 


Young forest, 
control 


out at the same levei or increased, in spite 
the marked decreased moisture content and 
ie consequent improved aeration. This is ex- 
ained by the sharp increase in the general 
obility of iron compounds, while the content 
mobile ferric oxides increased considerably 
ore than the ferrous compounds. The pro- 
yrtion of the ferrous oxides in the total con- 
nt of mobile iron compounds thus declined 
arkedly (Table 2). This indicates a favorable 
lange in the oxidation-reduction level, despite 
e increase in the absolute content of ferrous 
cides at depths of 10-15 cm and 25-30 cm. In 
e litter there was an increase in the relative 
mtent of mobile ferrous oxide, associated in 
e drained areas even with some increase in 

e absolute content thereof. Certainly, this 
nnot be explained by restricted aeration, 

nce at this time the moisture content of the 
ter was not high. It may be that the large 
ntent of ferrous iron is associated with the 
lease of iron in the divalent form by the in- 
ase breakdown of the organic matter of the 
ter (4). It is characteristic that precisely 

8 period has the single case in which the per- 
nt content of ferrous oxide was higher in the 
ined area than in the control plot (litter of 
2ar-cut area, Table 2). 


In general the data under discussion on the 
itent of mobile ferrous oxides show con- 
sively that in the drained plots there was a 
rked improvement in the aeration of the soil 
a depth of at least 30 cm. 


‘The data obtained do not permit us to draw 
linite conclusions as regards the effect of 
,inage on the change in the content of mobile 
Rrounds of phosphorus, potassium, and 
‘monium nitrogen. The method used, in- 
‘ving analysis of three mixtures (of five 
‘aples) from each horizon, does not give us 
jiable average values, since in many cases we 
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found considerable discrepancies between 
replicates. This was related to the extreme 
lack of uniformity in the composition of the 
horizons of peat-humus gley soils. Values were 
obtained for individual periods which show very 
definite differences in the content of various 
available compounds in the drained and control 
plots. But the changes in the clear-cut area and 
the young stand are often in opposite directions. 
Nor do the changes in the individual compounds 
agree. 


From the data obtained we can only conclude 
that drainage did not cause large changes in the 
content of available nitrogen, phosphorus, and 
potassium in the soil. In every case, without 
more careful studies and analysis of a large 
number of parallel samples, there is no basis 
for stating that drainage leads to an increase in 
the content of available nutrients in the soil. 

On the contrary, some cases, e.g., ammonium 
nitrogen in the humus horizon, had a tendency 
toward a decreased content of available com- 
pounds with drainage. 


But the absence of substantial changes in the 
content of available nitrogen, phosphorus, and 
potassium compounds in the soil does not mean 
that conditions of plant nutrition are not changed 
for the better with drainage. The intensified 
formation of available compounds in the soil is 
also accompanied by their increased consump- 
tion by the plants. We may even expect drain- 
age to be followed by some decrease in the con- 
tent of available compounds in the soil, since 
with improved aeration the energy of absorption 
of nutrients by the plants“ could increase. 


* Rapidly developing herbaceous vegetation was 
also utilizing nutrients from the soil of the clear- 
cut area. 
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DRAINAGE EFFECTS 


Table 


4 


Content of total nitrogen and P,O, in birch and spruce, % of absolutely dry matter 


Birch 


Forest type Bee 


Spruce|Spruce 
eedles|shoots 


f 
Birch Spruce|Spruc 


Forest type leaves peedle (ates 


Total nitrogen 


Spruce -oxalis evil |) Sh X0) |) al ANE 


Spruce-phagnum | 1,62 | 1,17 | 0,80 


Spruce -oxalis 


Spruce -phagnum 


Phosphorus 


0,47 | 0,35 | 0,36 
0,26 | 0,23 | 0,09 


Note: Comma represents decimal point. 


A comparison of the data of analyses (Table 
9) of the needles and shoots of spruce and 
eaves and shoots of birch on the drained and 
-ontrol plots in the young stand shows a sub- 
stantial difference in the ash contents and total 
1itrogen in the plant tissues. 


Consideration of these data indicates above 
11 that there are appreciable variations as re- 
yards the plant-tissue content of nitrogen, 
yhosphorus, and potassium during the growing 
season. The direction of these changes is 
ften not the same for the tissues of birch and 
spruce. In some cases we find an increase in 
-ontent of some element in the younger tissues 
ind a decrease in older tissues that live more 
han one growing season. The dynamics of 
combined potassium differ from the dynamics 
yf phosphorus and nitrogen. 


The object of our paper included the detec- 
ion of differences in the content of the prin- 
sipal nutrients — phosphorus, nitrogen, and 
jotassium — in the tissues of spruce and birch 
yn drained and non-drained plots. The largest 
lifference in the phosphorous content is ob- 
served in birch leaves (Table 3), while an in- 
srease was already observed toward the end of 
he first growing season after drainage (sample 
aken in the middle of September 1957). Thin 
yirch branches” on the drained plot also con- 
ain more phosphorus than on the control plot, 
yut the difference is less marked. In the 
1eedles and shoots of the current year, as well 
is in the old needles of the spruce, * at almost 
ill times we detect an increase in the phosphor - 
yus content on the drained areas. In old shoots 
e.g., 2-4 year-old), no increase was found. A 
marked increase in the total nitrogen content in 
he tissues of birch and spruce was found at the 
»nd of second year of drainage (sample taken in 
he middle of September 1958), At the other 
imes the difference was small. 


The picture was quite varied as regards 
yotassium content. But in most cases there 


3 Shoots of the two preceding years were analyzed. 


4Samples of old needles were collected from all 
ranches, except for shoots of the current year. 
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was substantial increase in the potassium con- 
tent in the tissues of plants growing on the 
drained plots. 


On the whole, the data of ash analysis show 
that drainage increased the content of phosphorus, 
nitrogen, and potassium in the tissues of spruce, 
and especially birch. Consequently, conditions 
for the uptake of these important elements from 
the soil improved. 


The following may serve as an example of 
the decreased phosphorus and nitrogen content 
associated with increased water-logging (Table 
4). Spruce needles and shoots, as well as 
birch leaves, collected from trees in a high- 
producing spruce-oxalis forest of site quality 
II on a slightly podzolic soil, contain more 
phosphorus and total nitrogen than the same 
tissues of trees growing under excessively moist 
conditions (sedge-sphagnum spruce forest on a 
peat soil of site-quality index V). 


Thus, despite the fact that direct determina- 
tion in the soil of nitrogen, phosphorus, and 
potassium available to plants did not show an 
increase in the content thereof in the drained 
soils, data from the analysis of plant tissues 
show conclusively a definite improvement in the 
nutrition after drainage. 


Drainage had the clearest effect in promoting 
phosphorous accumulation in the living tissues 
of plants. We should mention that birch was 
more responsive to change in aeration condi- 
tions than spruce. 


Observations on spruce planted in a clear- 
cut area showed there were no differences in 
their condition on the drained and control plots 
in 1957. ‘In the middle of May 1958, i.e., be- 
fore the beginning of growth, the needles on all 
the spruces on the control plot had yellowed, 
and on the drained plot they had a healthier ap- 
pearance — a normal green or slightly yellow- 
ish color. During the growth period the spruce 
on the drained plot developed lateral and apical 
shoots? with large dark-green needles. On the 


5 Terminal shoots did not develop on some of the 
trees, and their role was assumed by one of the 
lateral shoots. 
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control plot more than half the plants set out 
died during June and July; most of the rest of 
the plants put out only short, poorly developed 
shoots with small, pale, yellowish needles. 
Only in the case of several spruce seedlings on 
slight rises did shoots develop more success- 
fully. 


No variations were observed in the state of 
the spruce regrowth on the drained plot in the 
young stand in 1957. The next year, in the 
spring of 1958, the bulk of the spruce growth 
on the drained plot showed a more intense 
green color in the needles as compared with the 
paler and yellowish color of the regrowth on the 
control plot. The growth of the shoots was also 
higher. The terminal shoots in 1958 on the 
drained plot were longer by an average of 10% 
than on the control plot; and for the lateral 
shoots this value was 28%. 


The data given show that draining the peat- 
humus gley-like soils by means of small 
ditches markedly altered aeration conditions 
to a depth of at least 30 cm, improved the ash 
and nitrogen nutrition of plants, and affected 
growth as early as the second year. In addi- 
tion, as the roots penetrated the deeper hori- 
zons, the growth became still greater. 


In conclusion we should note that we can ex- 
pect the draining of peat-humus gley-like soils 
to be more effective in raising the productivity 
of forests than the draining of excessively 
waterlogged forest areas with a thick layer of 
peat. With the use of comparatively simple 
drainage measures (small ditches), tree roots 
here can utilize more nutrients in both the 
organic and mineral horizons. Since peat- 
humus soils are located on more or less 
definitely sloping surfaces, their drainage does 
not require the arduous job of digging large 
main ditches and the clearing of natural water - 
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ways. Observations have shown that the peat- 
humus gley-like soils receive their excess 
moisture chiefly from higher-lying areas of the 
locality. To remove this water we do not need 
as dense a network of ditches as in the experi- 
ment described. By using the techniques of 
lumbering organizations on concentrated clear- 
cuttings to establish the networks of ditches, it 
is possible at small expense to increase sub- 
stantially the productivity of the new forest 
generation over wide areas having peat-humus 
soils. 


Received February 3, 1959 
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ROLE OF SOIL-ADSORBED AMMONIUM 
IN THE NITROGEN NUTRITION OF PLANTS 


A. YE. VOZBUTSKAYA, Siberian Scientific Research Institute of Agriculture, Omsk 


More than 50 years ago the joint efforts of 
plant physiologists and agricultural chemists 
led by D. N. Pryanishnikov resulted in the 
solution of the pivotal problem of the nitrogen 
nutrition of plants, thus ending a dispute that 
divided scientists during the second half of the 
19th century. It was proved that plants can uti- 
lize nitrogen in both forms: in the reduced form 
aS ammonia, and in the oxidized form as nit- 
rates. And in the course of further research 
the most favorable conditions for the various 
types of nitrogen nutrition were determined 
(reaction of medium, complementary ions, 
concentration, age of plants, and carbohydrate 
content in plant tissues). At that time Pryanish- 
nikov wrote (16): Optimum combinations of 
these conditions for ammonia and nitrate are 
not the same. If we succeed in finding opti- 
mum conditions for both sources of nitrogen, 
then we must recognize in principle their 
physiological equivalence. And if we compare 
them under any given set of conditions, we 
may find the weight shifting from one source 
to another depending on these conditions. But 
the physiological facts, while they are ab- 
solutely necessary for us, still do not lead 
directly to an agricultural solution, because it ~ 
is only in the laboratory experiment that we 
can easily create optimum conditions for both 
sources...."' 


One of the basic factors in the fertility of a 
soil, of course, is its ability to satisfy the 
plant's needs for nitrogen by making it avail- 
able at the proper time, in sufficient quantity 
and in the proper forms. Hence it is quite easy 
to understand why so much attention has been 
and is being given to the dynamics of the 
mineral forms of nitrogen. But these studies 
have not reflected to any great extent the 
physiological principle of the equivalence of 
ammonium and nitrate nitrogen in plant nutri- 
tion. An enormous mass of data has been ac- 
cumulated on the dynamics of nitrates in the 
soil. These data permit us to make state- 
ments about the accumulation of nitrates in 
various types of soils under various conditions 
of tillage, crop rotation, crop type, fertiliza- 
tion, and in various meteorological situations. 
Since the NO, is not adsorbed on the soil 
either chemically or physiochemically and is 
completely dissolved in the soil solution when 
enough moisture is present, there can be no 
doubt about its availability to plants (and to 
microorganisms). It is only when other 
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nutrients, such as phosphorus, are deficient 
that the utilization of the NO, may be restric- 
ted. The accumulation of nitrates in itself 
testifies to the favorable conditions of the soil 
because the same pH values and the same con- 
centration and composition of the soil solution 
are favorable both for the growth of the 
majority of crops and for nitrification. Thus 
it is only natural to find that the data onnitrate 
dynamics can always be used successfully to 
definte the nitrogen regime of the most varied 
of soils varieties, and to determine the need 
for the application of nitrogen fertilizers, and 
to decide the proper time and rate required. 
Moreover, the nitrate dynamics are very in- 
dicative of the fertility of the soil. 


The case is different where soil ammonia 
(ammonium) is concerned. The ammonification 
is extremely widespread in the soil. Large 
numbers of microorganisms are adapted to 
widely different environmental conditions. Yet 
ammonia is not always accumulated, but rather, 
only when for some reason it does not undergo 
further conversion into nitrates. The conditions 
which inhibit nitrification in the soil and atthe ~ 
same time favor the accumulation of ammonia 
are many, including a low and high pH values, 
increased amounts of mobile Al, low levels of 
base saturation, insufficient aeration, low 
temperatures, increased concentration of water- 
soluble organic substances, high bitumen con- 
tent in the organic matter, etc. Such condi- 
tions are present in many forest and bog soils 
and in the acid podzolic and irrigated chestnut 
soils, as well as in chernozems during cold 
periods in spring and fall (23, 14, 10, 21). 


Studies of ammonium nitrogen in the soil, 
while not as numerous as for nitrates, have 
shown considerable accumulation of ammonia 
under these conditions (2, 3, 4, 8, 10, 19, 21, 22). 


jt should be noted that not all of the data may ac- 
curately reflect the soil content of ammonium nitro- 
gen. Because of certain features of the methods 
used, determinations involving dry samples of cer- 
tain soils produce results that are too high (12,11). 
In our case the same results were obtained from de- 
terminations of adsorbed ammonium in moist and dry 
samples of sod-strongly podzolic soils for sandy 
loams. But dry samples of clay loams showed a 
higher content (1.4-1.5 times) than fresh samples. 


A. YE. VOZBUTSKAYA 


Table 1 


Accumulation of nitrogen in winter rye in the spring in relation to the 
content of mineral nitrogen in the soil 


Mineral N in the 0-40 cm? layer, 
mg/kg of soil 


ammonium N | 


Total N in winter rye 
plants, g/m? 


nitrate N 


: : April 29- 
April 22 | May 6 ey May 6 May 3 | May 17-18 


13 
2 


25,0 | 10,9 | 
Boh ieee 


10,3 is 
LD 2 


Agum of N in the 0-20 cm and 20-40 cm layers. 


Note: Comma represents decimal point. 


Table 2 


Mineral nitrogen content of soil during planting of spring wheat and effects of 


nitrogen fertilizers 


kg of soil (May 24) 


ammonium nitrate 
N N 
2nd crop after clearing 
forest Bet 4.6 
Old plowland glad 4,9 


Mineral nitrogen in the 
0-20 cm layer, mg of N pe 


Spring wheat yield, Increase 
centr /ha in yield 
from 
without nitrogen, 
fertilizer Ps NanPs centr /ha 


Note: Comma represents decimal point. 


A uniform distribution of ammonium nitrogen 
over the soil profile, sometimes to a consider- 
able depth, is frequently noted as not charac- 
teristic (19), in contrast to nitrates. While the 
reasons are Still not clear, in certain cases it 
may be related to the movement of NH, humates 
along the soil profile (18). But the presence of 
ammonium nitrogen in the soil still does not 
necessarily mean that plants have nitrogen 
available. Undoubtedly much depends on the 
specific properties of the plants themselves. 


The fact that the ammonium cation is strong- 
ly adsorbed by the soil must be taken into con- 
sideration. The usual method of determining 
ammonium in KCl extracts of the soil gives the 
total of the adsorbed and water-soluble forms, 
but the water-soluble form usually accounts for 
only a small part of this total. Because so 
much ammonium is readily adsorbed by the 
soil, its part in the nitrogen nutrition of 
plants assumes special importance. Adsorbed 
ammonium is not leached from the upper 
layers by precipitation nor does it occur in 
high concentration. These advantages were 
noted by Gedroyts and Lebedyantsev (6, 12), as 
well as by Shmuk (24). However, at that time 
(30 years ago) there was very little actual 
data on the presence of ammonium in the soil, 
so that its considerable importance as a source 
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of nitrogen was largely ignored. (For example, 
K. K. Gedroyts believed that the content of am- 
monium did not exceed 0.1 meq/100 g of soil). 
Incidentally, while this amount (0.1 meq/100 g) 
cannot affect soil properties, it is by no means 
insignificant as far as the nutrition of plants is 
concerned. A concentration of 0.1 meq of N 
per 100 g of soil amounts to 14 mg/kg or 42 N 
per ha. Even though we now have factual data, 
it is still difficult to arrive at definite conclu- 
sions. We give two examples from our own ob- 
servations, 


In a study of the nitrogen nutrition of winter 
crops growing on leached chernozem in Omsk 
Region (at the Siberian Scientific Research In- 
stitute of Agriculture in 1946), we obtained the 
following data. 


As can be seen from Table 1, the ammonium 
form of nitrogen prevailed over the nitrate, be- 
cause of low temperatures during early spring. 
While the amount of ammonium nitrogen was al- 
most the same in the two different types of 
agricultural land, (fallow and stubble), the con- 
tent of the nitrate N was much greater in the 
fallow. Had ammonium and nitrate been equally 
important as sources of N nutrition, the winter 
rye would be provided with nitrogen to more or 
less the same extent on both fields. Since 


NITROGEN NUTRITION OF PLANTS 


Table 3 


Degree of ammonium saturation in soil 


2 fet 
eeu | Seal eee. | Ce 
Site of sample ; PalESS| asga ome 
collection Soil zn Bil he £ = Bas rf a = Author 
BS eso] “Seu Sm § 
ages ed 
DQ 
‘Zhdanov Kolkhoz, | Sod-strongly- 
| Tarsk District, pedrolic 
- Omsk Region a) cleared land 42,3 | 0,30 6,4 4,92 |Our data (5). 
b) Old plowland 21,7 | 0,15 7,6 4,97 |T.P. Slav- 
Tomsk Zonal Ex-~ ; Gray moderately- nasty) 
perimental Station | podzolized forest | 32,7 | 0,23 21.0 1.04 
‘Siberian Scientific | Leached 
Research Institute | chernozem AOR Ge linOmd Ze y 
of Agricult., Omsk ; ; AP 56 woes 


NH,, in meq 


a : . é 
Conventionally: S, in meq 100. 


Note: Comma represents decimal point. 


ctually the difference in nitrogen available to 
1e crop proved to be very considerable and 
irectly proportional to the amounts of nitrate 
ontained in the two fields, it must be con- 
luded that only nitrate served as the primary 
ource of nitrogen nutrition. This means that, 
iter a wet autumn, when the content of nitrate 
1 the upper layers of chernozem is low, win- 
‘r crops require a spring application of nitro- 
en fertilizers, even though the soil may con- 
in considerable amounts of NH,. 


The second example pertains to the sod- 
rongly podzolic sandy loam in Tarsk District, 
msk Region (5). There we determined two 
rms of nitrogen on experimental and control 
ots during planting time. Table 2 shows the 
uta of our observations on the control plots as 
ympared to the effectiveness of nitrogen 
rtilizers applied on the experimental plots. 


Here again the content of ammonium nitro- 
xn turned out to be considerably greater than 
at of nitrate nitrogen. According to Peter- 
irgskiy's experiments (13), one half of the ad- 
yrbed nitrogen is available to plants. If we 
scept this ratio, we would arrive at the con- 
usion that the 0-20 cm layer contained about 
) kg of ammonium N per hectare on cleared- 
rest land and about 30 kg/ha in old plowland 
‘able 2). In view of this considerable dif- 
rence between the two fields, it could be ex- 
.cted that the wheat would show a correspond- 
g difference in its response to nitrogen 
rtilizers. But the results of our experiments 
‘oved this expectation to be wrong: the in- 
ease in nitrogen contained in the plants was 
ually high following the application of Nan 
mmonium nitrate) to both fields. Significant- 
, the level of the nitrate nitrogen for these 
o fields was also equal. Thus, while it 
uld not be asserted that ammonium nitrogen 
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does not participate at all in the nutrition of 
plants, it is quite obvious that this form of 
nitrogen alone cannot satisfy the nutritional re- 
quirements nor can its content be used to pre- 
dict the effects of nitrogen fertilizers. 


How should we, then, consider data on the 
content of ammonium nitrogen, and what is its 
actual availability to plants under the conditions 
of its accumulation? As yet, we are not ina 
position to give a sufficiently conclusive answer 
to this question. 


A number of studies have raised the problem 
of the availability of adsorbed cations to plants 
(6, 9,13, 17,25). One of the last works of Ge- 
droyts (6), dated August 1932, referred to an 
experiment in which oats were grown on a cher- 
nozem soil saturated with ammonium by” 

NH,Cl and then washed with alcohol. The oats 
utilized ammonium nitrogen as readily as the 
nitrates applied. No check was made, how- 
ever, of the nitrification of ammonium in the 
experiment. 


Further investigations revealed certain 
general tendencies, which showed that ''...the 
availability of adsorbed nutrients to plants is 
determined by very many soil and physiological 
factors, certain combinations of which may 
make them completely unavailable." (17, p.32). 


What are the factors that may affect the 
availability of adsorbed ammonium to plants ? 
Here we shall mention only the following which 
to us seems to be basic: a) the level of satura- 
tion of the soil colloids with ammonium; b) the 
complementary cations; and c) the reaction of 
the medium. 


On the basis of his own experiments and 
those described by S.S. Yarusov, Ye.I. Ratner 


A. YE. VOZBUTSKAYA 


came to the conclusions (17) that ''... when the 
level of potassium saturation of the soil is low, 
its availability to plants decreases, regardless 
of the nature of the complementary exchange- 
able cations."' In all probability this conclu- 
sion can be also applied to ammonium. As 
Table 3 shows, considering the amounts of am- 
monium accumulated in the soil, the level of 
ammonium saturation of the colloids is very 
low. The ammonium saturation of chernozems 
is especially low. This may be the primary 
reason for the marked decrease in the coef- 
ficient of utilization of adsorbed ammonium. 


It may seem that our premise about the 
degree of saturation of soil colloids with am- 
monium ion contradicts the undisputable fact 
that the ammonium contained in fertilizers, 
such as (NH,),SO,, is readily taken up by plants 
even when the amounts of those fertilizers 
used can provide only a very low degree of 
saturation. Thus, for instance, 45 kg of N per 
hectare amounts only to ~15 mg of N per kilo- 
gram of soil and~0.1 meq of N per 100 g of 
soil. It must be remembered that a certain 
part of this ammonium, varying in each in- 
dividual case, may be converted to nitrates be- 
fore reaching the plant. It may be also main- 
tained that, since fertilizers are never really 
mixed uniformly and completely with the soil, 
in some places the level of ammonium satura- 
tion is actually much higher than might be ex- 
pected on the basis of estimates. 


The availability of adsorbed ammonium to 
plants may also be affected by the composition 
of accompanying exchangeable cations. Thus, 
for instance, Yarusov (25) and Ratner (17) have 
established the fact that sodium acts as an in- 
hibitor, preventing potassium and calcium from 
becoming available to plants. 


It is also apparent that, in the vast zone of 
acid soils, the reaction of the medium is an 
important factor affecting the availability of 
ammonium. Studies of D.N. Pryanishnikov 
and his followers (15), as well as those of 
foreign scientists have demonstrated that, when 
the reaction is acid, ammonium is not as good 
a source of nitrogen as nitrate. It is least ef- 
fective as a source of N in the pH range (below 
5.5) which is unfavorable to nitrification and 
thus conducive to further accumulation of am- 
monium in the soil. The available data, how- 
ever, are not sufficient for a quantitative ex- 
pression of this relation. And, since we cannot 
state how much the availability of ammonium is 
reduced by one or another value of the pH under 
the natural acid-soil conditions, we are as yet 
unable to evaluate properly the significance of 
the amounts of ammonium determined. But it 
is quite clear that under such conditions am- 
monium plays a much less important part in 
the nutrition of plants than nitrate. 


The uncertainties in the problem of the 
availability of adsorbed ammonium, on the one 
hand, and the recognition of the physiological 
equivalence of the oxidized and reduced forms 
of mineral nitrogen, on the other, have resul- 
ted in many incorrect evaluations of data per- 
taining to the content of ammonium in the soil. 


For instance, Zaytsev (7, 8), in studying the 
dynamics of the nitrogen regime in the soils of 
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the northwestern USSR, found that these soils 

contained large amounts of ammonious nitrogen. 
But agricultural crops growing on these "nitro- 
gen-rich" soils actually suffer from nitrogen 
deficiency. Application of nitrogen fertilizers | 
in these regions effects considerable increases | 
in crop yields (1,7). | 


Slavnina (19, 20), and Tyumentsev (22) found | 
large amounts of ammonium nitrogen distributed 
throughout the entire profile of gray forest soils | 
(Tomsk Region) subject to different degrees of _ 
podzolization. But we also have testimony to 
the effect that ''...the results of many years of 
field and greenhouse experiments at the Tomsk 
Zonal Flax-Growing Experimental Station show 
that nitrogen fertilizers are quite effective for 
the majority of crops when applied to dark-gray, 
aray and, especially, light-gray soils" (19, 

p. 84). 


While stressing the fact that nitrate and am- 
monium are not equally available to plants, we 
have no intention of discounting the ammonium 
form of nitrogen altogether. Even less are we 
inclined to agree with those (12) who doubt that 
ammonium can actually accumulate in the soil. 
Such assertions have no basis in fact. 


Conclusions 


1. Plant utilization of the nitrogen contained 
in adsorbed ammonium depends on a number of 
physicochemical and physiological factors. Un- 
der conditions conducive to the accumulation of 
ammonium in the soil these factors may exist 
in combinations which considerably reduce the 
availability of ammonium to plants as compared 
to nitrate. 


2. Since adsorbed ammonium and nitrate are 
not equivalent, they should never be lumped to- 
gether in determining nitrogen. Otherwise, er- 
roneous conclusions may be drawn concerning 
the actual supply of nitrogen to the plants wrong 
practical decisions may be made. 


3. Further investigations are needed on the 
availability of ammonium nitrogen to plants un- 
der the specific conditions which are conducive 
to its accumulation in the soil. 


Received February 27, 1959 
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RESPIRATION OF SOIL AND COMPOSITION OF SOIL AIR 


ON DRAINED PEAT-BOG SOILS 


B. N. MAKAROV, V.V. Dokuchayey Soil Institute, 


Control of air-water regime in soil is one 
of the decisive factors in obtaining large crop 
yields on peat-bog soils. Air deficiency and 
excessive CO, content are often responsible 
for the poor growth of plants on such soils. It 
is important to know not only the total air con- 
tent in peat-bogs, but also its qualitative com- 
position and the intensity of the gas exchange. 


Between 1955 and 1958 we observed the in- 
tensity of soil respiration and the composition 
of soil air on drained peat-bog soils of the 
Yakhrom floodplain (Moscow region), 1 


The following two soils were selected: the 
humus-peat-iron on a grass-woods peat (Pro- 
file 56) and the humus-peat-iron-carbonate ‘on 
a thick sedge-hypnum peat (Profile 58). 


A complete description of the chemical and 
hydro-physical properties of these soils and 
of the geomorphological conditions is given by 
Skrynnikova (11,12). Both soils have a high 
ash content in their upper horizons (33%-35% 
in the 0-20 cm layer) and a high iron content 
(9%-15%). 


The soils are situated in different locations, 
Profile 56 is located in the central part of the 
floodland with more drainage (drains 50 m 
apart) than Profile 58 which is located in the 
lower terrace part of the same floodland, Pro- 
file 56, therefore, has more favorable air- 
water conditions, 


As can be seen in Table 1, all four years 
under study had quite different meteorological 
conditions: 1955 and 1957 were drier than 
1956 and 1958; in 1955, May and June were 
cold and rainy, July and August — warm and 
with small amounts of precipitation; in 1956, 
June was warm with a moderate amount of 
precipitation, July and August were cold and 
rainy; in 1957, May was very warm, the 
second half of June and the first part of July 
were warm; in 1958, the third part of May was 
very warm and dry, the first and last of June 
were rather dry marked by a sharp tempera- 
ture decrease, July and the first part of August 


! Academician I. V. Tyurin ‘supervised this work. 
M.A. Shvabe participated in the field and laboratory 
investigations in 1956 and 1957; V. P, Ignatova par- 
ticipated in them in 1958, 
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were warm and had a moderate amount of 
precipitation; the rest of August and Septem- 
ber were cold and rainy. 


The soils under observation were fields 
of perennial grasses (foxtail, timothy, mea- 
dow, fescue, vetch) and on fallow field (Pro- 
file 58) with grass-hyphen peat. 


In 1955 and 1956 the intensity of CO, evolved 
from the soil was determined by the ''domiki" 
(3) method, and in 1957 and 1958 — by the 
flask method (5), replicated 4 to 5 times. Since 
the intensity of soil respiration varies con- 
siderably within each day-and-night period, 
all readings were taken at the same time (be- 
tween 9 and 12 AM) two to three times a 
month, The following factors were determined 
each time: temperature of the air and soil at 
a depth of 5 cm; soil moisture in the 0-10, 10- 
20 and 20-30 cm layers; and the ground-water 
level. The plant roots in surface and subsoil 
were also measured. 


The quantity of roots was determined by ex- 
tracting three soil samples from 0-10, 10-20 
and 20-30 cm depths of-each plot. This was 
done by means of an iron form measuring 10 x 
15x 10cm, The roots were thoroughly washed 
in a sieve (diameter of openings 0.25 mm), air- 
dried and then plant residues were picked by 
tweezers, 


Table 2 shows that the quantity of peren- 
nial grass roots is very large in the 0-30 cm 
soil layer (up to 17 metric tons/ha), It is 
distributed over the peat-bog soil profile as 
follows: the 0-10 cm layer contains 80%-90% 
of all roots, the 10-20 cm layer — 5%-17%, 
and the 20-30 cm layer — 1.5%-5%. 


Observations of soil respiration revealed 
that the CO, evolved under grasses was 1.5-2 
times larger than under a fallow plot. The 
Same phenomenon was observed on sod-pod- 
zolic soils, It shows how important is the 
part of the respiration of plant roots in pro- 
ducing the soil CO,. The intensity of soil 
respiration varies during the growing season 
primarily because of the changes of soil tem- 
perature and moisture. The main role here is 
played by the temperature, This correlation is 
vividly shown by Figure 1, The soil respira- 
tion curves generally follow those of tempera- 
ture. The lowest intensity of soil respiration 


SOIL RESPIRATION 


Table 1 


Average monthly temperatures and precipitation 


Average for 
year's service 


May 

June 

July 
August 
September 


May-September 


Note: Comma represents decimal point. 


itati 
tion aera 


31,4 
Hay, 
42,9 
Sie 
54,8 


sum 


287 


Table 2 


Weight of perennial grass roots in the 0-30 cm soil layer 


D 
Pro- Units pe, os 
file jof mea- 
No. sure 0-10] 1-2 20—30 | 0—30 | O-—10 | 10—20/}20—30] 0-30] 0-10 | 10—20 | 20-30! o—30 
June 8 July 7 | August 25-28 
14965 
56 entr/h Not det'd. HORSE Waly Cele chhLou cans STON ates 
% ke 89,2 | 8,8 | 2,0 |100,0) 89,6) 8,0 re | WONG: 
58 entr/h 61,3 | 13,5 | 1,86) 76,7/102,2] 5,76) 0,86] 108,8 
% " HORS? | 17, OS e2F OR 100) ONS Aiea 1,6 | 100,0 
1956 
56 fentr/h OO soles onlke OSel a oie 2.8) 15, 6 Be dele 54 
% 179,5| 16,3 | 4,4 | 100,0] 79,9] 11,4 
58 bentr/hal 75,5) 9,8 | 2,5 87,9] 411,41) 8,75 
% 86,41] 11,2 2,7 100,0} 88,7) 7,0 


Note: 


Comma represents decimal point. 


as observed at the end of April and beginning 
May. This period was characterized by a 
eh ground-water level, a high soil moisture 
id low temperature. 


The intensity of soil respiration increased 
the end of May and in June because of a sig- 
ficant drop of the ground-water level, a 
wering of soil moisture and an increase of 
‘il temperature. For example, the ground- 
iter level dropped between the end of May 
d June 15, as follows: In 1956, Profile 56 
om 50 to 83 cm; Profile 58 from 17 to 70 
1. In 1957, from 60 to 92 cm and from 31 
75 cm, respectively. During all years the 
1ximum readings of the intensity of soil 
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respiration coincided with the most favorable 
moisture-temperature conditions — the lowest 
ground-water level and maximum soil temper- 
ature. For example, in 1957 the maximum 
intensity of the CO, evolved was recorded on 
July 30 when the ground-water level for Pro- 
files 56 and 58 was 115 and 82 cm deep, re- 
spectively, and the soil temperature (19°C) 
and air content reached their highest point. The 
soil moisture was at that time down to the level 
of the minimum moisture capacity. 


The intensity of the CO, evolved is related 
to the growth of plants. Usually, it was high- 
est during the period of the maximum growth 
of grass before it was mowed. 


B.N.MAKAROV 


and physiological composition of microorganisms, 
aes A and on the development of the active soil micro- 


12 flora. 


It should be noted that peat-bog soils liber - 
ate CO, two to three times more intensity 
than sod-podzolic soils. For instance, the 
respiration of peat-bog and sod-podzolic soils. 
was recorded in 1955 as follows: under peren- 
nial grasses 9-11 kg/ha and 5-6 kg/ha per hour, 
on fallow plot 4-6 kg/ha and 2-3 kg/ha per hour, 
respectively. The high intensity of the CO. 
liberated by peat-bog soils creates favorable 
conditions for plants carbon nutrition. 


The genesis of peat-bog soils and the air 
composition throughout their profile are re- 
lated to the varying intensity of the CO, evolved 
at different depths. To investigate the latter 
problem, the intensity of gas exchange was 
measured at depths of 10, 20, 40 and 60 cm. 

The initial measurements were taken immedi- 
ately after digging 40 x 40 cm pits of the re- 
quired depth. They were then repeated several 
times a month. Table 4 gives the data of one 
of the readings (7 days after digging the holes). 
The same regularity was observed in the re- 
sults of all other readings. It leads to the con- 
clusion that under natural conditions the in- 
tensity of gas exchange decreases with depth. 


Different soil layers have different intensity 


Apr. May June July Aug. Sept. of gas exchange not only because of their indi- 
Months vidual physiochemical properties, but also be- 
! cause of the differences in soil temperature 
Fig. 1. - Effects of plant growth, tempera- and moisture. Table 4 shows that soil tem- 


ture and soil moisture on the intensity of eratures and moisture change with depth 

soil respiration. Grasses in 1957. temperature decreases and moisture increas- 
1 - Profile 56; 2 - Profile 58; A - soil es). This affects the intensity of production 
respiration; B - soil temperature; C - and the rate of diffusion of CO,. 
soil moisture in the 0-20 cm layer and 
precipitation; D - weight of dry mass 
above the surface. Content of CO, and ©, in the Soil Air 


The samples of soil air from the plots under 


Table 3 provides a comparison between the observation were withdrawn by means of copper 
intensity of soil respiration on grass-woods tubes, 4-6 mm in diameter, which were per- 
eat (Profile 56) and on grass-hypnum peat manently installed at a depth of 10, 20, 30 and 
Profile 58). In the former case, the Co, 60 cm. The method of their installation has 
evolved was 10%-20% larger than in the latter, been described by Matskevich (8).2 The method 
This can be explained by the differences in of round-bottom flasks (7) was used to with- 
physicochemical properties of these peats and draw the air and to determine how much CO, 


by the fact that the grass-woods peat has a and O, it contained. The CO, content in the 
better developed complex of the surface and soil air was determined two-to-three times a 


subsoil roots of perennial grasses. Two an- month along with the measuri f soil respira- 
nual mowings produced together the following tion, Bete rae ae ie 


yields for Profile 56 and Profile 58, respective- 
ly: in 1955 — 82 cntr/ha and 61 ecntr/ha, in 
1956 — 96 cntr/ha and 61 entr/ha, in 1957 — 
118 entr/ha and 77 entr/ha, in 1958 — 95 
entr/ha and 50 cntr/ha, The 0-30 cm layer 

of the grass-woods peat contained 15%-30% 
more grass roots than did the same layer of 

the grass-hypnum peat (Table 2). 


Table 5 and Figure 2 present the data of CO, 
content in the soil air in 1957 and 1958. The 
CO, fluctuated greatly throughout the year, 
reaching the highest point during the summer 
months and sharply decreasing in all soil 
horizons in spring and fall. 


_ Fluctuations in CO, content during the grow- 
ing season are similar to fluctuations in the 
intensity of soil respiration associated with 

the intensity of biological processes. The 
latter are an effect of changes in hydro-ther- 
mal conditions, Available data show a correla- 


Hydro-thermal changes during the growing 
season affect the intensity of soil respiration 
primarily because of the ensuing changes in the 
intensity of the following biological processes: 
activity of micro-organisms, growth and 
physiological activity of plant roots. The pub- 
lished works of Lupinovich, Golub (1), Rybal- 
kina (10) and of others describe the effects 
of soil temperature and moisture and of bog 
drainage methods on the total quantity and 


This method is used to draw the air from large 
pores. 
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Table 3 


Respiration of peat-bog soils (CO, liberated per kg/ha, per hour) 


1955a 
P 
file] Plot 
No. May 20 | June 31} Junel4 |July 5 |July 26 |Aug. 26 fo. 23 |Sept. 6 | Average 


Bours. a 20 ING OT" 120857 || 44905 | 7 46, 1) Ol | 6.60, 1| 5 Gan |). 750 
Boars: prwaayore yg end. 167585: (aso 106 99, 186 12: .| 5 54, |). 4-56. .| 6.00 
" orig = ocsGg™ | Foeso Wes. 43 A600) | E3134 D488¥ |yed:56 


1956 


une 5)JuneloJune 2)July 5 |July 17|/Aug. 1 | Aug. 15 |Aug. 30 

a Grs. |8,68]/9,08]11,1 | 8,68 | 4,51 | 6,77 | 5,80 3) 9 OS 6,38 | 5,00 [30 
a Grs. |5,96|5,84|10,3 | 8,45 | 7,81 | 9,60 | 3,98 7,90 6,40 | 2,94 6,87 
Fallow] 3,82|8,19] 8,24 8,51 | 4,84 | 4,87 | 2,92 | 5,75 | rap on ene Ab eh OF 


49-571. 


; Apr2oMay 10jJMay 24June 5 |June 26/July 10|July 30 |Aug. 8 |Aug. 28|Sept.10 Average 
56 |Grs. BAO, OOMae OdieSe4ogled.cOuleo.05 4 1252 ; DA a Ws KO CO te Is) 8,18 
58 jGrs. 13,06] 4,75] 8,90 TE WSO (io ee 6,76] 9,24 | 9,40 8,05 

po) Fallow! 4°25 14,63 | 3442) 3,34 | 5,78 | 4,80 6,10 5 Goro OO on 10 4,40 


1958 


May 5|May June YJune 23] July 15| July 30jAug. 16/Aug. 25 |Sept. 10 


56 |Grs. | 4,57.18,25| 8,40] 7,65 |10,7 NO) 
58 |Grs. |0,8714,02| 8,43/10,0 | 9,60] 7,65 
" |Fallow|0,41]/3,86] 5,55} 4,22 | 2,06 4,02 


Sept. 7 |Sept.20 Average 


ept.24 Average 
4,06 7,30 
ZrO 5,94 
106" 3,06 


4m 1955 readings were taken eight times. 


Note: Comma represents decimal point. 


Table 4 


The intensity of soil respiration at various depths 


Profile 56 Profile 58 


Depth, cm Soil Soil moisture |CO, evolv 
tempera- | % of volume |per kg/ha, 
ture per hour 


Soil Soil moisture] CO, evolved 
tempera- | % of volume | per kg/ha 
ture per hour 


- On surface i 54 
10 aa a si 18,2 67,2 6,76 
20 13,5 58,4 5,04 177 ero 4,30 
| 40 12/0 63,7 3\0 16,5 87,8 3,5! 
| 60 11,0 75,,() 2.65 15,0 90.0 2733 


Note: Comma represents decimal point. 


‘on between the CO, content, on the one hand, soil air. 

id the soil temperature and moisture, on the 

Jher. In June, as compared to May, the CO, The CO, content in the upper layers of the 
)ntent is on the increase. This is caused by three plots under observation was many times 
/decrease in the soil moisture and an in- smaller than in the layers below. Yet, it is 
pease in the soil temperature, In 1957 and the 0-10 cm layer that has the bulk of all 

58 the maximum temperature was recorded plant roots, contains twice as many bacteria 
ring the July-August period which coincided as the 10-20 cm layer, and, therefore, pro- 
th the increased concentration of CO, in the duces more CO,. The CO, content, however, 
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Table 5 


CO, content in the air of peat-bog soil, expressed in volume percents at O°C and 760 mm Hg in 1957 


Profile 56, grasses 


Date of 
reading 


0,357 
0,820 
Q,715 
0, 506 
0,910 
0,905 
0,830 
0,413 
0,502 


1,99 
1,99 
2,30 
1,43 
254 
1,99 
2/02 
1,04 
0,730 


| Profile 58grasses | Profile 58, fallow 


Depth, cm 


Dy oa 
D OY 
3,18 
Dyke 
3,67 
2 U6 
2,92 
1,85 
{,07 


Note: Comma represents decimal point. 


CO,, volume % 
SNS f & & 


0,349 


May June July Aug. Sept. Oct. Nov. 
Months 


Fig. 2. - Changes in 
air 


l= ici 2s Aes 


Profile 56; B - Profile 58 grass; 


58, fallow. 


the C0» content in the soi] 


in 1958. 


3 = 30; 4 - 60 cm; “A - 


C - Profile 


consistently increases with depth. This 
phenomenon can be explained by the fact that 
there is no proportional relationship between 


158 


3400 


0, 222 
0), 204 
0,283 
0,234 
0, 238 
0,287 
0,068 
0.065 


Nwoomowons-) 
mone woo 


ho = 01 C00 00 


the rate of CO, formation and diffusion in 
different soil layers. 


The fallow plot contained at all times and 
depths considerably less CO, than did the 
perennial grass plots. Thus, for instance, 
between July and September of 1958 the mean 
CO, content in the soil air of the fallow plot 
was: at a depth of 10 cm — 0.5% of the total 
volume, at a depth of 20 cm — 0.7% of the 
total volume, at a depth of 30 cm, 1.85% of 
the total volume. At the same depths the soil 
air from under grasses contained the following 
portions of CO,, respectively: 1.33%, 3.82%, 
and 6.2% of the total volume. This difference 
is attributable to the fact that the plant roots 
respiration increases the production of CO,. 


The grass-hypnum peat (Profile 58) con- 
tained considerably more CO, than the grass- 
woods peat (Profile 56). 


The higher CO, content in the grass-hypnum 
peat (Table 6) is related to the higher degree of 
its moisture and, thus, slower rate of gas ex- 
change. In 1957 the mean soil moisture was 
243% for Profile 56 and 264% for Profile 58 
(absolute dry soil), In 1958 the readings were _ 
221% and 253%, respectively. In 1957 the 
ground-water level was 93 cm under the grass- 
woods peat and 64 cm under the grass-hypnum 
peat. In 1958 the depths were 87 and 59 cm, 
respectively. 


The oxygen content during growing season 
changed considerably, inversely proportional 
to the CO, content. An increase in the CO, 
concentration consistently led to a decrease in 
the oxygen content of the soil air (Table 7). The 
minimum oxygen content recorded at different 
depths was as follows: 10 cm deep — 19% of 
volume, 20 cm deep -- 16.5% of volume, 30 cm 
deep — 14.2% of volume, 60 cm deep — 12%-14 
of volume. The total percentage of CO, and O, 
was not always and not at all depths found to 
be 21%, i.e., equaltothe (sum of CO, andO, 
in the atmospheric air. At depths of 30 and 60° 
cm this sum exceeded 21%. We are inclined 
to explain the CO, concentration in these hori- 


SOIL RESPIRATION 


Table 6 


Mean content of CO, in the soil air from June 
Sept. expressed in volume % 


1958 
Profiles 


1957 
Profiles 


Therefore, it is essential to improve the aera- 
tion of peat-bog soils under agricultural crops. 


As we have already pointed out, there isa 
definite correlation between the intensity of 
respiration and moisture of a soil. Under 
practical conditions in the field it is, how- 
ever, difficult to determine the exact degree 
of the soil moisture. Thus, in order to ob- 
serve the moisture effects upon the biological 
activity of peat-bog soils, we conducted a 
laboratory experiment with two horizons (0-20 
and 20-40 cm) of grass-woods and grass- 
hypnum peats. In watering these peats we were 
guided by the following three contrasting mois- 
ture factors: the wilting moisture, the mini- 
mum moisture capacity, and the 95% of the 


Table 7 


Content of CO, and O, in the soil air, in volume % at O°C, and 760 mm Hg in 1958 


Profile Depth, 
No. cm 


7,45 


Note: Comma represents decimal point. 


ons in terms of not only biological but also 
aemical processes (the peats under observa- 
on contained large quantities of carbonates), 

t depths of 10 and 20 cm for Profile 56 and 

) cm for Profile 58 the sum of CO, and O, 
ontents in the soil air was close to 21%. This 
idicates that under the conditions of biological 
socesses the exchange of CO, and O, is equiva- 
nt. 


It should be noted that the soil air of drained 
,at-bogs has a very high concentration fo CO, 
aching at a depth of 10 cm 1%-2% and below 
at 4%-11% of volume. The CO, content in 
\d-podzolic chernozem and meadow-cinna- 
on-brown soils is considerably less. It does 
t exceed 1% in the upper 50 cm-deep layer 
, 8,9). The high concentration of CO, in the 
r of peat-bog soils may become toxic for 
e development of micro-organisms and 
yrmal activity of plants. According to Lyunde- 
rd (2), the limit of the CO, concentration is 
)-2%. After that it becomes harmful to agri- 
‘tural crops. 


’ Poor development of plants and nitrogen de- 


wiency in some peat-bog soils could be prob- 
ly attributed to the CO, toxic properties. 
| 
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July 30 Aug. 25 Sept. 22 


0,645 | 20,12 
PTA A 7 8) 
aay 1s. e 
6,50 | 14,4 
DeshyAlb eA 
oa) 18,3 
S275.) 1oad 
water 


total moisture capacity. The biological activity 
was determined by the intensity of the CO, lib- 
erated with the flask method (5). Table 8 
shows that the optimal biological soil activity 
(by CO, liberated) was reached at a moisture 
corresponding to the minimum moisture ca- 
pacity. An increase of moisture from the 
minimum moisture capacity to that of 95% of 
the total moisture capacity did not affect very 
much the intensity of the CO, evolved. A sharp 
decline of biological activity was observed when 
the level of wilting moisture was reached. 


Conclusions 


1. Investigations of drained peat-bog soils 
have established a correlation between the soil 
respiration intensity and CO, content, on the 
one hand, and the soil temperature and mois- 
ture, the ground-water level, the development 
of root and above ground parts of plants, on the 
other hand, The maximum soil respiration in- 
tensity and the CO, content was observed at the 
time of the increased temperature and when 
the soil moisture corresponds to the minimum 
capacity. 


B. N.MAKAROV 


Table 8 


Effect of peat-bog soil moisture on the biological 


Wilting 
moisture 


Minimum | 95% of full 
moisture moisture 
capacity | capacity 


activity 


Liberation of CO, in mg per 100 g 
of absolutely dry soil, per hour 


0—20 
20—40 


0—20 


1,42 
2,00 


1,63 


Note: 


2. The Bulk of the perennial grass roots 


is concentrated in the 0-10 cm layer of drained 


peat-bog soils. 


3. The soil respiration intensity and the CO, 
content are considerably higher under perennial 


grasses, as compared to a fallow plot. 


4. The gas exchange intensity is 1.5-2.5 


times less in the lower layers of drained peat- 


bog soils, as compared to their upper layers. 


5. The CO, content in the air of drained 
peat-bog soils under grass may reach a high 
percentage (at a depth of 10 cm up to 1%-2% 
of volume, at greater depths up to 4%-11% of 
volume). This indicates a need for measures 
to improve the aeration of such soils. 
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4.52 
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2,33 
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2,35 
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{ATER PERMEABILITY OF CERTAIN SOD-PODZOLIC SOILS 


_ A. CHERNYSHOV, Northwestern Agricultural Scientific-Research Institute 


Water permeability is an important factor in 
termining moisture-aeration conditions of 
il, which, in turn, greatly influence the 
rection of physical, physicochemical and bio- 
vical processes. 


Doyarenko (4), Karchinskiy (7), Yegorov (5), 
snevol'skiy (1) and others have shown by their 
vestigations that the water permeability of 
d-podzolic soils as a whole, as well as of its 
dividual genetic layers, depends on the tex- 
re and is closely related to its structure and 
nsistence. 


According to Kachinskiy (7), individual hori- 
ns of the medium -podzolic fine clay loam dif- 
r from each other in regard to their water 
rmeability as follows: a) the podzolic hori- 
n has the best water permeability; b) water 
rmeability of the humic-accumulating hori- 

n is four to six times lower; c) water per- 
xability of B, horizon is 70-80 times lower 
in that of A, horizon; d) water permeability 
B, horizon is hundreds and thousands of 

1es lower than that of A, horizon; e) water 
cmeability of B, horizon is considerably bet- 
than that of B, horizon. 


A higher degree of water permeability of 
horizon, as compared to Ap, has been also 
ed by Yegorov (5) who studied podzolic 
jess-like clay loam" at the Engel'gardtov- 
}ya experimental station. However, a few 
)lished experimental data show the opposite 
clusions. Thus, for instance, Shchepanov- 
y (14), who studied ''podzolic clay loams"’ 

io at the Engel'gardtovskaya experimental 
tion, refers to an experiment for water per- 
lability of a 20-cm-thick soil column. The 
jmeability during a three-hour period was as 
jows: A, horizon — 44 mm, A, horizon — 16 
|, B, horizon — 3 mm. 


Benevol'skiy (1), who investigated medium - 
\zolic fine clay loams underlain with a loess- 
| clay loam, found that A, horizon had a con- 
iprably better water permeability than A, 
iizon. 


Sontradictory opinions like those mentioned 
i7iously show the complexity and insufficient 
iy of this problem. 


-uikewise, it is not quite clear how the sub- 
)| loosening affects the water permeability of 
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the podzolic horizon and soil, as a whole. 
Doyarenko (4) thinks that the water permea- 
bility of the podzolic horizon is made possible 
by pores which are retained by soil only under 
natural conditions. Hence, according to him, 
the loosening of soil lessens its water per- 
meability. During one of his experiments a 

4.4 cm deep loosening of a podzolic horizon de- 
creased its water permeability 14 times. The 
same phenomenon was noted by Kachinskiy 
(7,8), Zakharov (6), Chizhevskiy and Bogomolov 
(13), and Pannikov (9). It is usually attributed 
to the destruction of the natural consistence and 
structure of the podzolic horizon. But, as we 
have said before, the podzolic horizon does not 
always have an adequate degree of water per- 
meability under the natural structural conditions. 
It would be wrong to over-estimate the part 
played by cracks and worm-holes. In any case, 
there is a vast number of medium clay loams 
and coarse clay loams, which have a sandy, of- 
ten cemented together, podzolic horizon (and 
also a cemented upper part of the illuvial hori- 
zon). Even in the case of soils with a finer tex- 
ture cracks may play a significant part mostly 
during summer when the water permeability of 
the podzolic horison is no longer of such a great 
importance. 


We should also mention Benevol'skiy (1), who, 
as a result of his observations, came to the con- 
clusion that the loosening of soil leads to an in- 
creased water permeability in the podzolic hori- 
zon. Thus, in one case the water permeability 
of a podzolic horizon, loosened three months 
before, was higher than originally. Therefore, 
as Benevol'skiy has pointed out, a podzolic hori- 
zon serves as a water-barrier. Should it be 
loosened, all of the soil water-aeration condi- 
tions change. 


Published data on water permeability of 
sod-podzolic soils is still sketchy. As a result, 
it is impossible to complete the picture of how 
this factor changes from one to another genus of 
sod-podzolic and podzolic soils. 


This article gives descriptions of physical 
properties of certain soils of the Leningrad 
region. We have studied several typical sod- 
podzolic and podzolic-gley soil profiles, mostly 
on locations of experiments conducted by the 
Leningrad Section of the VIUAA between 1946 and 
1955. Our task was to study the physical proper- 
ties of the entire soil profile, down to the parent 
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Table 3 


Physical characteristics of soils 
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at the 
time pf 
investi- 
gation 


capil- 
lary 
% on absolute dry basis 


moisture -capacit 
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*Without corrections for moisture and lateral flow. 


Comma represents decimal point. 


Note: 
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material. Data of this type for the Northwestern 
zone are scarce and limited chiefly to virgin 
lands and forests. Pigulevskiy has also given 

a thorough description of old plowed soils, but, 
unfortunately, he was concerned only with the 
upper (A, and A,) sod-podzolic horizons _ 
rather than with the entire profile. And it is 

the entire profile which must be studied in order 
to solve problems of the control over the soil 
water-aeration conditions. 


During the summer of 1955 we have studied 
the physical properties of the following soil 
profiles: 


sod-podzolic coarse clay loam on gravel 
sandy loam; sod-podzolic very fine sand loam 
on gley sandy loam; sod-podzolic coarse clay 
loam on non-carbonate moraine clay loam; 
sod-podzolic silty coarse clay loam on non- 
carbonate eroded clay loam; sod-slight- 
podzolic fine clay loam on carbonate morainic 
clay loam; sod-humic-carbonate leached clay, 
sod-podzolic-gley clay on clay lens. 


The results of the investigations of several 
physical factors are given in Tables 1, 2 and 


. 


The differences between various soils and 
their individual layers in regard to water per- 
meability were so pronounced that even while 
conducting only short (60 minutes) observations 
and using somewhat incomplete methods, ~ we 


119 determine water permeability we employed, 
with a two- to four-fold replication, bottomless con- 


were able to establish certain distinctive 
regularities. 


The soils can be divided into three groups 
in accordance with their specific water intake 
properties: 


1. Soils with the lowest water intake rate in 
the podzolic horizon; this rate increases in the 
illuvial horizon which has an intake factor ap- 
proaching that of the plowed layer; to this group 
belong not only fine clay loam but also several 
sandy loamy and coarse clay loam podzolic 
soils (Profiles 1, 2 and 5) which have a definite 
compaction in their podzolic horizons. An im- 
provement of the physical properties of the 
podzolic horizon of the soil group should in- 
crease the water permeability of the entire soil 
profile. This would be especially important for 
clay and fine clay loam varieties. 


2. The rate of water intake decreases with 
depth (Profiles 3 and 9); this is especially true 
of podzolic-gley soils; an improvement of the 
physical properties of their podzolic-gleyed 
horizon does not increase water permeability 
of the entire soil profile; thus, favorable aera- 


tainers 20 cm in diameter. The containers were in- 
stalled in the genetic horizons under study. The 
lower edge of containers was pressed 2 cm deep into 
the soil. They were filled with 1 liter of water giving 
a 31.8 mm water column. As soon as 30 mm were 
absorbed (under varying pressure) , the vessels re- 
ceived additional 1 liter of water each. The absorbed 
water was measured by a removable mm-ruler 
attached to the wall inside each vessel. 


Table 5 


Water intake in relation to cultivation depth; sod-podzolic clay on clay lens. 


Intake rate 


in mm/ minute, 


Intake rate after 


Remarks: Water intake was deter 
field experiment plots and on other special plots. 
Note: Comma represents decimal point, 
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| | 
Horizon} Time of readings When readings were taken = | oc | ae ie 
Liters 
AP July 20-23, 1954 | After cultivation 96,00] 64,00] 27,00} 12,30 
p 45 days after cultivation 128.00 14. 40 14.00 400 
A, " Without loosening DG 0.97 0.80 0.44 
, i 13 months after loosening 44.90 ( 
F Without loosening a oy pie ee 
45 days after loosening 31,80} 31,80] 31,80) 27,70 
. n 13 months after loosening 5 
. September 28 Without loosening it pa aa 
“ et 105 days after loosenin 98. a Dy 7 
June 18, 1955 Without loosening 2 aot sie eke 
" 12 months after loosening WA AO Bae 


mined by containers, 20 cm in diameter, on laboratory- 


WATER PERMEABILITY 


Table 6 


Coefficient of permeability for loosened and non-loosened podzolic horizons 


Coefficient of permeability, mm/min. 


first 120 minutes of observation. 
Note: Comma represents decimal point. 


Table 7 


Cultivation and the time of Replication . 
determinations | | | | 
1 | 2 | 3 4 es) | 6 

| 

— = | ~ : u 

Without loosening | 0 ¢ | aie | | 
01 | 0,06 | 0,01 | 0.00 | 0.06 | 0.06 
4 é | ye ; UY LU) AO PReLh) 
months after loosening pelge 44 | opty 4, | 1.20 | 1,92 | 6,05 | 0,75 


Remarks: Permeability coefficients were determined as the mean for the 


Changes of bulk density in relation to cultivation depth 


| 
| 


Depth Before Before 
Cultivation treatments epth,| spring culti-| June | July | Oct. |spring culti- 
cm vation, May | 30 22 7 vation, June 
| ; 4 1) 
Autumn— plowed-layer depth; Qe 12) Al Die! AROOR ROOM MieetS 4,08 
respaded in spring 20—27 ae AP 4OR eos mle G tL oe 
Autumn — plowed-layer depth; 2—12 oe 1 OOS OROS metas 1,04 
respaded in spring with loosening 
of podzolic horizon 20—27 Aor Laake totes bea favs 1,40 
Autumn — with loosening of pod- 
zolic horizon; 2—12 4,18 O99) (ORO Tee te dS 1,04 
respaded in spring 02227 (eon 4,29 4 1,44 


Note: Comma represents decimal point. 


yn can be created only by draining. 


3. Soils with change in texture and con- 
stence in profile that account for water per- 
eability increase with depth. 


This group of soils is more likely to have 
tter water-aeration conditions, especially 
en subject to periodically excessive mois- 
re. 


Our data pertaining to the varying water per- 
2ability of sod-podzolic soils are corrabora- 
1 by other studies, in the course of which ob- 
rvations lasted longer than one hour (Table 


The data provided by Table 4 show that the 
tterns related to the rate of water intake and 
corded by us during our 60-minute periods 
evailed during the following three hours of 
servation. 


The physical factors, shown on Tables 1, 2, 
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Date of observation 


3 and 4, do not permit the establishing of a 
correlation between them and the water permea- 
bility values. This confirms the opinion that 
water permeability is the expression of a very 
diversified and intricate complex of various 

soil properties. It is quite obvious that soils 
with different physical properties must react 
differently to the deep soil loosening. 


Sod-podzolic-gley clay loam (Profile 9) had 
the following characteristic factors of the water 
intake rate by its genetic horizons: A, — 4. 
mm/min; A, — <0.1 mm/min; B — <f1 mm/ 
min. 


This soil has practically no permeability in 
its horizon B, as was determined by means of 
Pigulevskiy's device (10). The permeability 
coefficient (in mm/minute) was expressed as 
follows: Ap — 0.460; A, — 0.058; B — <0.001. 


Samples from B horizon, tested for their 
permeability, were not permeable even to one 
mm? of water during a period of one month. 


V.A. CHERNYSHOV 


Thus, in this soil the permeability coefficient 
for the podzolic horizon is higher than for B 
horizon, but almost eight times lower than for 
horizon Ap: 


A deep soil loosening resulted in an increase 
of the intake rate of the podzolic-gley horizon 
(Table 5). Thus, for instance, the intake rate 
for the podzolic-gley horizon of an expgrimen- 
tal plot was, 45 days after cultivation, “ as 
follows: loosened soil — 31.8-27.7 mm/minute; 
non-loosened soil — 0.06 mm/minute. As has 
been established 13 months later, the increased 
intake rate of the loosened soil remained. The 
difference in the absorption rate was evident 
not only during the intake of the first liter of 
water but throughout the entire experiment. 


Concurrently with the foregoing outlined 
field tests for intake rates, we were using 
Pigulevskiy's (10) device to determine the _ 
permeability coefficients. For this we obtained 
soil samples in paraffin "jackets.'' It should 
be noted that prior to this time (September) the 
soil had been excessively wet during July and 
August and there had been a long period of 
"flooding" of the loosened plowed layer. The 
established permeability coefficients are 
given on Table 6. 


Consequently, four months after loosening 
the soil the permeability of the loosened pod- 
zolic-gley horizon proved to be higher than that 
of A, horizon, which was not loosened. 


Of course, these data are not sufficient to 
draw general conclusions concerning the ef- 
fects of deep loosening on water permeability 
of different sod-podzolic soils under varying 
conditions of their cultivation. However, we 
can definitely say that the concept of negative 
effects of loosening does not apply to all sod- 
podzolic soils. It is, of course, true that in 
some cases deep loosening leads to a very ex- 
cessive wet cultivated layer. But this is 
caused not by a decrease in water permeability 
of the podzolic horizon but by the poor per- 
meability of the lower, non-loosened, soil 
layers. In such cases it is actually necessary, 
as has been pointed out by Rassel (11), to 
eliminate the excessive soil moisture at the 
time of deep loosening by draining and other 
methods. 


Soil clods of different sizes are formed 
when the podzolic horizon is being loosened by 
subsoil plows and plows with deep-cutting 
shares or by plows without mold-boards. Per- 
meability and intake rate of such soil clods are 
similar to a certain degree to the water per- 
meability of the non-loosened soil horizon. 


The fact that the water penetrates very 
Slowly inside such lumps and clods because of 


2On the plots of the laboratory-field experiments 
soil was treated by hand. The plowed layer was first 
removed, the podzolic-illuvial horizon was then 
loosened by spade, and, finally, the plots were covered 
again by the plowed layer soil. The size of plots for 
each treatment was 3m2: There was a 4 to 8-fold 
replication. An 8 to 12-fold replication was used when 
the permeability and intake rate were determined. 
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the dense compaction — is one of the peculiar 
aspects of studying the sod-podzolic-gley soils 
As has been noted previously, these clods are 
formed during the cultivation, especially the 
loosening, of the podzolic-gley horizon. Sur- 
face wetting without deep water penetration 
protects such soil lumps from destruction, as | 
has been noted on several occasions by Kachin-~ 
skiy (7). This fact is responsible for the high | 
(up to 80% in this soil) content of the so-called | 
"water -stability of macro-aggregates'’ which 
can be determined by any one of several 
methods (for instance, by Savvinov's method | 
which calls for initial capillary saturation of | 
such aggregates). | 


| 
i 
| 


Apparently it is, at least to a certain degree 
because of the relative stability of the clods 
that the compaction of a loosened horizon is 
slow and its increased porosity lasts rather lon. 
While the non-capillary spaces of loosened AaTE 
horizon are being filled with the gravitationa. 
moisture, this horizon is also receiving particl 
from the plowed layer. These particles become 
lodged in spaces between soil aggregates of A,/ 
B, horizon. Later, as the compaction of the 
loosened podzolic layer continues, there 
emerges a new pattern of the interconnections 
among soil particles in A,/B, horizon. This 
pattern is different from the original natural 
one. 


If we assume that a mechanical effect change 
the pattern between the soil particle in the hori- 
zons below the plowed layer, then it would be 
logical to expect that after drying up these 
horizons should have different crack patterns. 
This was confirmed during a field-laboratory 
experiment in 1953 (Table 7) by the obtained 
data pertaining to bulk density. 


Table 7 shows that during the dry summer 
of 1955 a decrease of bulk density of the hori- 
zon below the plowed layer was recorded in all 
experimental treatments (observations were 
taken between October 7, 1954 and June 18, 
1955). This decrease was more pronounced in 
the plots which had been subjected to a deep 
soil-loosening. While drying up, the loosened 
lara horizon produced smaller soil clods 
it developed more cracks of small sizes) but 
the non-loosened podzolic horizon became 
divided by large cracks into major soil clods. 


The increased water permeability remains 
at least until the cracks close up under the ef- 
fect of the increasing soil moisture. All such 
changes are, of course, closely related to, and 
determined by, the physical and physico- 
chemical soil properties. 


Conclusions 


1, A study of several sod-podzolic soils 
showed that they can be divided into the follow- 
ing three groups with respect to the water-in- 
take properties of their genetic horizons: 


a) soils in which the podzolic horizon has th 
slowest intake rate; b) soils in which the intake 
rate decreases with depth; c) soils in which the 
intake rate increases with depth. 


2. A subsoil loosening of the sod-podzolic- 


WATER PERMEABILITY 


yed clay led to a stable increase in the 
ter permeability of the loosened horizon. 


Received July 28, 1958 
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AN ERRONEOUS THEORY OF SOIL MOISTURE MOVEMENT 


S. V. NERPIN and M. K. MEL'NIKOVA, Agricultural Physical Institute, VASKhNIL 


For the last ten years there has been in 
existence a theory of soil moisture movement 
based on an erroneous concept of the equili- 
brium between the liquid and gas phases in 
the cases when the shape of the boundary sur- 
face, the thickness of the liquid layer next to 
gas, and the concentration of dissolved com- 
pounds vary (10). 


The basic premise of this theory stems 
from a denial of the validity of even the quali- 
tative aspect of the Thomson formula for vapor 
pressure above curvilinear surfaces of the 
liquid-gas boundary. Starting from this as- 
sumption, the author of this theory came to 
the conclusion that the isothermic distillation 
through a gas medium must occur in the direc- 
tion from concave to convex menisci. In spite 
of the fact that this conclusion directly im- 
plies the possibility of perpetual motion (and 
thus contradicts the principles of thermo-dy- 
namics), it has confused and led into error 
some researches (5) and writes of popular 
scientific literature (9). 


It is for these reasons that we deam neces- 
sary to present in a brief form the problem of 
equilibrium between the film and wedge moisture 
in soil on the one hand, and the vapor contained 
in the liquid-free pores, on the other. 


Our presentation has two objectives: 1) to 
show the actual conditians of equilibrium be- 
tween the condensed and vapor moistures in 
soils, and 2) to show specific erronious con- 
cepts which have led O. V. Shapovalova to her 
fallacious theory on soil moisture movement. 


For our purpose it would be more convenient 
to consider the Thomson formula not in its 
usual form when a correlation of vapor pressure 
above two surfaces is related to the curvature 
of the boundary between them, but as it applies 
to the correlation of vapor pressure and thermo- 
dynamic factor changes characteristic for ad- 
joining phases, 


An equilibrium between two such adjoining 
phases can exist only when their temperatures 
and chemical potentials are equal: 


My = Hy 


sea Ap (1) 
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The symbols ''v'"' and "'l"' stand for vapor and 
liquid, respectively. 


For the general case the chemical potential 
differential can be expressed as follows (4): 


du = — sdT + vdp + du, (2) 


assuming that ''s'' is entropy; ‘"'v'' — volume; 
"u'! — energy related to the gravitation field; 
and assuming that all these factors pertain to 
one molecule. 


If we con sider this system when the tem- 
perature of the liquid and vapor phases is con- 
stant and the boundary surfaces are on the 
same level, i.e., when the gravitation field 
potentials are equal, we can change (2) to 
read as follows: 


du = vdp. (3) 
When an equilibrium is maintained (1), a 
change of the chemical potential in one phase 


must be concurrent with an exactly same 
change in the other phase. It follows that: 


du, = du. (4) 


By using our expression (3) for the factors 
du] and duy, we can say that: 


dy = v, dp); 
du. = vidp,, 

and, if we take into account condition (4), that: 
v,dp, = v, dp, (5) 


The vapor volume of one molecule can be ex- 
pressed as follows: 


V. : 
ys ve (6) 

fel ve 
where N is the number of molecules in a gam- 


molecule, and Vy is the volume occupied by a 
gram-molecule. 


Since pyVy = RT, instead of (6), we can 
have: 


Vy a Np, (7) 
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By combining (5) and (7) and integrating 
hin the limits of certain pressure changes 
the field and vapor, as compared to the 
SSure in the case of a plane surface of the 
1id-gas boundary, we will arrive at the 
lowing formula: 


_ RT ( dpy rR 
VAP) = spot vjAP) = Seo (8) 


sre Ap; — change of the pressure in the 

1id as compared to the pressure in the case 
1 plane boundary surface and unlimited 

1id layer thickness; Po — vapor pressure 
he case mentioned; and p — vapor pressure 
ler the changed conditions. 


Formula (8) provides that: 


x NvjAp)/RT. (9) 


8) 
2h 
Po 
The volume occupied by the liquid gam- 
lecule Nv] can be expressed by the gam- 
lecule mass, M, and liquid density, p, as 
OWS: 


M. 


NP1=5 (10) 
Thus, (9) can be changed as follows: 
oA ib e,MAp,/RTp (11) 


From this we can see that the vapor pressure 
ve liquid surface is determined by the pres- 
e decrease, Apj, in moving across the liquid- 
boundary, provided that the concentration 
lissolved substances remains unchanged, 
en this pressure decrease is determined 
the boundary surface curvature and is ex- 
ssed by the Laplace formula, 

: 1 1 

AP} aC. ro ne Fr)? 
ation (11) assumes the folowing form: 


oe SV RTO 
YT, 


For a convex meniscus, characterized by 
main curvative radii, r, =r,=+r, we will 
e the following expression: 


P = e20M/RTpr, 
Po 


for a concave meniscus with r, =r, = -r, 
ill be: 


iP = o727M/RTpr - 
Po 


\s has been demonstrated by a number of 
erimental studies (1, 2,3), a thin liquid 

r on a Solid base can be in the state of 
(librium with the main liquid volume, 

vided that its surface is under certain 
itional pressure equal to the pressure de- 
yped within the thin liquid layer itself. The 
2r pressure is called disjoining pressure. 


t has been also shown (6,7, 8) that such an 
librium can also be maintained without 
additional pressure, but provided that the 
ssure of the main liquid volume, adjoining 
thin liquid layer, is reduced (for instance, 
4use of the meniscus curvature along the 
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boundary of soil moisture). These conditions 
make possible an equilibrium between the film 
liquid pressure and the volume liquid pressure. 


It follows that the pressure decrease in mov- 
ing across the liquid-gas inter-phase surface 
of thin liquid layers on a solid base occurs in 
exactly the same manner as in moving across 
a curvilinear boundary surface of a volume 
liquid. When the disjoining pressure is posi- 
tive, it is counterbalanced by a reduced pres- 
sure within the layer, and when the disjoining 
pressure is negative (as, for instance, is the 
case with free pure liquid films adjoined on 
both sides by gases), it is counterbalanced by 
an increased pressure within the layer. There- 
fore, for our purpose we can draw the follow- 
ing equation: 


eee Oe 


with Pp symbolizing the disjoining pressure. 

It means, in effect, that the pressure in the 
liquid films around soil material particles is 
lower than the atmospheric pressure, and that 
the difference is expressed by the disjoining 
pressure. The formula for vapor pressure 
above such films can be then expressed as 
follows: : 


i = e7 MP)/ RTp. 
Po 

If we are to compare vapor pressure above 
liquids with a varying concentration of the dis- 
solved substances — C, we can express the 
ratio p:p, by following the concept that the 
chemical potential of a dissolvant decreases 
as compared to a dissolvant with a lesser con- 
een me of dissolved compounds, by the fac- 
tor (4): 


(12) 


INU (c.-¢,) RE, 
assuming that c is the ratio between the number 
of molecules of dissolvant and dissolved sub- 
stances c = § and that the symbols 1 and 2 


refer to two dissolvants with different concen- 
tration (c, > c,). Then, by anology with expres- 
sion (8), we can say that: 


Rl; p 
ow Dp 


If c, = 0, then the equation will be: 


- (ce, — ¢,) kT = 


In é ckTN/RT. (13) 


{0} 
Here p, represents vapor pressure above a 


pure liquid and p — above a solution. 
If we take into account that the osmotic pres- 


sure is °AD> cin = — then (13) can be 


changed to read as follows: 
urs aN ViSPocm ako 
0 
or, considering (10), that it is: 
- = oe MAP ogm/ RTP 
{0} 


It follows that when the osmotic pressure 
is positive, Apopsm, the vapor pressure above 
a solution decreases. At the same time, when 


(13") 
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there is a positive pressure increase caused 
by changes in the surface curvature or by a 
negative disjoining pressure in the thin layer 
(which, as we have pointed out, increases the 
pressure in the layer liquid), the vapor pres- 
sure above the surface of a liquid increases. 


Let us finally consider the case of an equil- 
ibrium distribution of liquid in the form of 
films and wedge moisture in a soil profile, 
and then formulate the equilibrium for the 
vapor distribution in its pores, 


As has been stated in earlier works (6, 7), 
when there is an equilibrium, the pressure in 
films and wedges moisture is distributed in 
accordance to the hydrostatic law. The pres- 
sure in all moisture elements is lower than 
atmospheric and the difference is expressed 
by this equation: 


Apl=—p ¢h, (14) 


where h stands for the height of the point under 
study above the ground-water horizon. This 
condition (14) is assured either by the curva- 
ture of wedge moisture menisci,! or by the 
adjoining pressure inside of thin moisture films. 
In both cases the liquid pressure decreases, 


By supplementing formula (11) with Ap from 
(14), we can express the water vapor pressure 
in relation to the moisture in a soil profile: 


Hae Rey 


representing an established barometrical for- 
mula defining the equilibrium vapor distribu- 
tion above a liquid surface. 


It follows that, if the conditions for an equili- 
brium should be disturbed for the condensed 
liquid phase, they will be disturbed for the 
vapor phase. For instance, if in a certain 
element of wedge moisture the pressure should 
decrease, as compared to the surrounding ele- 
ments, meaning a decrease in the curvature 
of concave menisci (this would be accompanied 
by an increase of the soil moisture), then the 
vapor pressure in this place would increase 
and the vapor would commence to move toward 
menisci with smaller radii of curvature. In 
other words, vapor would move in the same 
direction that would condensed liquid. The 
same effect would be evident if the thickness 
of moisture films should increase. As can be 
seen from formula (12), the vapor pressure 
is greater above thicker moisture films and, 
therefore, vapor movement would be in the 
direction of lesser film thickness, 


1 Since the boundary inter-phase moisture mensici 
have a double curvature, a pressure decrease would 
not occur under all moisture conditions. When mois- 
ture content is high, the geometric outline of the 
mensici may be such that the liquid pressure would 
be not smaller, but greater than the atmospheric 
pressure. Hence, the vapor pressure above such 
mensici would be greater than above plane surfaces. 
This is precisely why soil is drying when the change 
from the moisture corresponding to the field moisture 
capacity to the moisture corresponding to the maxi- 
mum molecular moisture capacity is occurring, 
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The above considered conditions for an inter- 
phase equilibrium permit us to point out the 
following erroneous concepts of Shapovalova's 
theory: 


1. Shapovalova assumed that, since in the 
case of a positive osmatic pressure the vapor 
pressure above solution surface decreases, it 
should follow that, by analogy, a pressure in- 
crease caused by the boundary surface curva- 
ture must also lead to the same result. As has 
been shown previously, this actually is not the 
case, 


2, Shapovalova presumed that because of in- 
creased pressure in thin moisture films around 
solid particles the vapor pressure above them 
decreases. In reality, however, the pres- 
sure in such films is decreased, as compared | 
with that of the adjoining gas medium. 


3. These false concepts led Shapovalova to an } 
erroneous conclusion that, in general, any in- 

crease of pressure in the liquid phase leads | 
to a decrease of vapor pressure above this 
phase. On the basis of this, she finally con- ; 
cluded that the isothermic distillation through _| 
the gas phase must be ocurring in the direction | 
from concave to convex meniSCi. 


4, By assuming that the Thomson formula is 
incorrect even in its qualitative aspect, Shapo- 
valova rejected the validity of the capillary 
pressure formula for liquid bound by curvilinear 
surfaces. Our equation (11) illustrates this 
point. 


We did not intend to call upon well known 
experimental data, provided by various branches 
of science and techniques, in support of the 
validity of the Thomson formula. Instead, 
we limited ourselves to only such proofs which 
could reveal the basic misconceptions on the 
part of the author of this erroneous theory. 


In conclusion, we should like to state that 
further development and popularization of 
Shapovalova's theory could only damage re- 
search efforts pertaining to the real regulari- 
ties of moisture movement in soils. 


Received May 29, 1959 
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WIND EROSION OF COARSE-TEXTURED SOILS 
PAVLODARSKAYA OBLAST’ 


L. F. SMIRNOVA, Moscow State University 


Wind erosion of coarse-textured soils (de- Oblast' were either destroyed or damaged by 
flation) is a very common phenomenon. It af- erosion (1, 2,3). 
fects especially seriously virgin-land districts 
in which large continuous areas have been In 1956, the Department of Soil Physics and 
plowed without paying enough attention to anti- Melioration, Moscow State University, con- 
deflation measures. Thus, in three years ducted a study of wind erosion on coarse- 


(1955-1957) 400,000 ha of crops in Pavlodarskaya textured soil in Beskaragaysk District, Pavlo- 


) 20 40 60 80 =100 O 20 40 60 80 
Percentage of volume Percentage of volume 
1 - Particle-size analysis and hydrophysical Properties of chest- 
nut cohesive sand and pine forest loose sandy soils. 
A 3 Profile 9, slightly eroded Som; 
soil; C - Profile 7) 
soil under forest. 


100 
Fig. 


B - Profile 3, moderately eroded 
» strongly eroded soil; D - Profile 1, pine forest 
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Fig. 2 - Map and geomorphological profile of the experimental field. 


| - Strongly eroded soil; 2 - moderately eroded soil; 3 - slightly 
eroded soil; 4 - boundary line of wind-protected area; 5 - pasture; 
6 - wild rye; 7 - pine forests; 8 - contour lines with conventional 


designations. 


was transported in the air layer below 15 cm 
(Table 2). 


The results of a particle-size analysis of the 
material carried by the wind at various heights 
and intercepted by Znamenskiy samplers 
(Table 3) showed that sand particles >0.5 mm 
in diameter move only on the soil surface; the 
<0.5 mm particle diameters rise to a height of 
15 cm; and only the particles <0.1 mm in dia- 
meter rise to a height of 30 cm or more. 


As a result of the loss of the fine particles, 
sorted sand is left on the surface (82 %of the 
particles are 0.5-0.10 mm in diameter), con- 
taining only 4% of physical clay, as compared 
to 7%-8% in non-eroded soil. Aeolian deposits 
form a ripple pattern with large sand grains ac- 
cumulating at the crests. 


The experimental field in the ''Put' k 
Kommunizmu" kolkhoz might be divided into 
three sections according to the degree of soil 
erosion (Fig. 2): 


Tract I (Profile $), situated in the lower part 
of the field protected from W and SW winds by a 
pine stand. This area has almost fully re- 
tained its humus horizon. The degree of its 
enrichment in sand (loss of fine earth by wind) 
was small. 


Tract II (Profile 3, NW wind — exposed 
slope) lost a part of its humic horizon and the 
rest was considerably enriched in sand in the 
upper 20 cm layer. A dust storm on May 13 
blew away all the corn seeds sown on May 12. 


Tract III (Profile 7, northern lower part of 
the field — the zone of aeolian sand accumula- 
tion in wind-protected areas) lost much of the 
fine earth from the entire thickness of its humic 
horizon. The soil is covered with aeolian and 
deposits. On May 13, the corn seeds were 


buried here during the dust storm to a depth of 
12-15 cm. 


As a result of another dust storm on May 
29, all corn seedlings on Tracts II and III were 
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damaged (cut by flying sand). On Tract I they 
were not damaged. The drought ended in June 
and was followed by rainy weather with 36 mm 
of precipitation during one month. The soil, 
which still retained some of the spring mois- 
ture, was now wet to a depth of 100-120 cm, 
and it took only a short time for the damaged 
corn plants to recover. The total mass of the 
corn (including weeds) per square meter was 
at this time 30 g (air-dry weight) for Tract 

Ill and 175 g for Tract I, and by the end of July 
it had increased to 110 g and 420 g, respective- 
ly. Thus, non-eroded soil produced four to 
five times more than strongly eroded soil. 


Finally let us consider how erosion affects 
the properties of sandy chestnut soil. Table 
1 shows that, as a result of intensified erosion, 
the content of physical clay in A horizon was 
10%, 8% and et, respectively, for slightly, 
moderately, and strongly eroded soils. The 
loss of physical clay caused an increase in 
soil permeability from 2 (Tract I) to 5 mm/ 
min (Tract III). The water-holding capacity 
(MFC) decreased in A horizon from 7%-8% to 
4%. The maximum hygroscopicity decreased 
by 0.3%-0.4%. The amount of water not avail- 
able to plants (WM) also decreased but, at the 
same time, there was a decrease by 1.5%-2.0% 
in the range of available moisture (RAM). 


Thus, asa result of the loss of fine earth, the 
hydrophysical properties of the soil became 
less favorable for plants. Along with the fine 
earth, the soil lost much of its nutrients (Table 
4). As compared to the slightly eroded soil | 
(Tract I), the strongly eroded soil (Tract III) — 
contained in the physical clay of its upper layer, 
1.5 times less phosphorus, 2.5 times less 
humus, and 2 times less nitrogen and potassium 
than soil erosion (Tract I). 


_ Analysis of soil samples from cultivated lan 
in Beskaragayskiy District showed (Table 4) 

in three years ot plowing the sandy chestnut soi 
lost the following percentages from the plow 
layer (the loss is calculated by taking the virgi 
lands as 100%): fine earth — 37% (61 metric 
tons/ha); humus — 67% (23 metric tons/ha); 
nitrogen — 37% (840 kg/ha); potassium — 35% 
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03 kg/ha); and phosphorus — 15% (56 kg/ha). 


During the same period meadow-chestnut 
ndy loams in the area served by the Semi- 
rsk Machine Tractor Station lost the follow- 
- amounts and percentages of the same 
aterials: fine earth — 60 metric tons/ha 
1.5%); humus — 42 metric tons/ha (63%); 
trogen — 2.5 metric tons/ha (67%); potassium 
333 kg/ha (55%); and phosphorus — 280 kg/ 
_(50%), approximately the same data were ob- 
ined by Yakubov (4). 


On the basis of the information discussed, 
> can conclude that the plowing of large areas 
sandy soil in regions affected by droughts 
id wind erosion is permissable only when a 
stem of crop rotation with a heavy emphasis 
| perennial grasses is in effect. Protective 
rest shelterbelts could also play a major role. 


Received May 4, 1959 
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SOIL EROSION AND ITS EFFECTS ON YIELD IN AREAS 


OF THE VOLGA UPLAND 


A.V. TIKHONOV, Geographic Institute, Academy of Sciences, USSR 


Water and wind erosion are very harmful to 
the national economy. In many areas of the 
Soviet Union, agriculture is suffering from it. 
One such area is the region on the right bank 
of the Volga (from Gor'kiy to Stalingrad), which 
occupies most of the Volga Upland. In intensity 
of active water erosion and gully formation this 


area is second only to the Central Russian Upland 


in the whole of the European USSR. 


Soil erosion on the Volga Upland, as well as 
in other areas of the USSR, is a serious lia- 
bility inherited by us from the pre-revolution- 
ary past with its predatory attitude toward land 
as a means of production. For many centuries, 
as farming developed in the region on the right 
bank of the Volga, forests were destroyed by 
cutting and fire, and watersheds and steep 
slopes were indiscriminately plowed. The ex- 
cessive expansion of the plowed area, as com- 
mercial grain developed in this part of the 
country, was the cause of the soil erosion and 
gullies that appeared in the post-reform period. 
Forest-steppe and steppe parts of the region 
were affected (10%-12% erosion, on the average, 
and up to 20% erosion in some areas next to the 
Volga River). This catastrophic rate of erosion 
had its pernicious effects on crop yields, runoff, 
natural grass composition of pasture land, etc. 
Thus, the Volga Upland developed an erosion 
landscape just as unattractive as that found in 
the central chernozem regions, 


The Socialist economic system has created 
opportunities for the progress and rational 
management of farming and, thus, for over- 
coming soil erosion, but these opportunities 
are not being used to full advantage, and since 
the destructive effects of erosion are not fully 
appreciated, soil erosion and gully formation 
continue. It has been determined, through in- 
vestigations under the auspices of the Academy 
of Sciences of the USSR, that in the Volga Up- 
land the heads of gullies are extending 3-4 ma 
year, on the average. During years with fre- 
quent heavy showers the rate of annual growth 
is 8-10 m. We witnessed a case of this on 
the bank of the Volga in Krasnoarmeysk and 
Zolotovsk Districts, Saratov Region, after 
the heavy spring-summer showers in 1958. 


Scores and even hundreds of hectares of 
arable land have been abandoned during the 
last 30 years by many kolkhozes and sovkhozes 
because of sheet erosion, scour, gully forma- 
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tion, deflation, alluvial deposition on plowland 
and hayfields, water-logging of bottom lands, 
etc. In some kolkhozes situated on the Volga 
slope of the Upland, the destruction of agri- 
culturally useful lands is very intense. For 
instance, one kolkhoz in Zolotovsk District 
has lost 14.3% of its arable area during the 
last 25 years. In the same kolkhoz, almost 
one-third of the pasture land on the slopes of 
the chalk hills facing the Volga is practically 
unusable, On another kolkhoz in the same 
district large areas have become useless 
"trash" lands (Fig. 1). 


Soil erosion presents just as great a danger 
to the western slope of the Upland. For in- 
stance, during recent years one of the kolkhozes 
in Terengul'sk District (Ul'yanov Region) has 
lost 200 ha of plowland and 175 ha of pasture 
land because of the growth of gullies, sheet 
erosion, and silting of the Usa River flood 
plain. On kolkhoz in Krasnoarmeysk District, 
230 ha of plowland have not been used for sev- 
eral years because of lengthening and widening 
of gullies. These examples give a fairly good 
idea of the extent of the danger from erosion 
and of the fact that the Volga Upland is at pres- 
ent acutely affected. 


Sheet erosion is reducing the yields of al- 
most all crops, especially row crops. This 
fact has been noted by many investigators. But 
until now most of the investigations in this 
field were conducted in the Central Russian Up- 
land, where convex slopes predominate. This 
is not the case with the Volga Upland. Here 
we find more complex and diversified slope 
profiles, Convex slopes alternate with con- 
cave or long terraced bluff slopes combined 
with short, low bluffs. In addition, on narrow 
watersheds of the mesa type, there are stony- 
sandy hills (in the forest-steppe areas) or 
rocky plateaus (in the steppe areas), The 
erosion pattern here is complex and mosaic- 
like. On the highest elevations with exposed 
sandstone and marl, the soils are immature, 
deflated, and full of fragments; these give way 
to strongly eroded soils on steep slopes and 
alluvial soils on terraces.! The crop yields of 
the fields shows a corresponding complex mo- 
saic pattern. 


1 For more details see Armand's article (5). 
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Fig. 1. = Dissection by the revine-gully-valley network and land use in Zolotovsk key 
tract, Saratov Region. 

] - ravines, gullies, rills; 2 - stoney areas; 3 - crop rotationfields; a - field 

crops; b - subsistence; c - meadow-pastures; 4 - vegetable gardens; 5 - pastures; 

6 - orchards and berry patches; 7 - forest shelterbelts and plantations; 8 - form- 


erly farming lands reduced by erosion to poor ''trash'! lands. 


Antropov (1) has established a relation be- 
een rye yields and the degree of soil erosion 
the Volga Upland. But he has been unable to 
.the same thing for other crops, because the 
vere drought of 1953 had a very bad effect on 


ch spring crops as wheat, barley, and others. 2 


2Because of a severe spring-summer drought, 
nter rye was also very retarded in 1953. Hence 

> decreased yield of this crop was caused not so 
ich by soil erosion and "erosional" drought, as by 
nospheric drought. 
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In 1958, we had the opportunity to carry out 
investigations of this sort under exceptionally 
favorable weather conditions. 


We decided to determine quantitatively the 
correlation between winter and spring crop 
yields, on the one hand, and the degree of 
soil erosion, the relief pattern, the number 
of gullies per unit area, slope exposure, and 
other features of the erosion landscape, on 
the other hand. We wanted then to relate 
our biometric and yield data to the whole 
complex of natural properties on certain 
specific tracts singled out by Armand (5) in 
the Krasnoarmeysk Key area. 


A. V. TIKHONOV 


The Krasnoarmeysk key area is situated in 
the steppe zone on the western slope of an ele- 
vation in the basin of the Karamysh River, a 
tributary of the Medveditsa. The area is 
divided by three large ravines, whose slopes 
are covered by a network of second-order ra- 
vines and gullies 6-7 m deep, up to 9 m wide, 
and as long as 2.5 km. The floors of the ra- 
vines and the gully network occupy 2.75% of the 
total cultivated area. Erosive processes are 
pronounced but wuite irregular. The southeast 
and northwest terraced slopes along Talovka 
ravine and the western slope descending to the 
Karamysh flood plain are the very strongly 
eroded. The southern chernozem developed 
on diluvial clay loams and the parent materials 
(sands, marls) is the main soil group. It 
covers three-fourths of the whole area. Dark 
chestnut soils have developed in several 
places, mostly on the steepest slopes of south- 
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Fig. 2. - Sketch of tracts and location of experimental cro 
key tract, 


1} - dividing lines between Kolkhozes and brigades; 
bluffs and terrace benches; 4 - gullies and rills; 


Of-way; 7 - unpaved roads; 
10 - winter rye exp't, plots, 
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8 - spring wheat exp't, plots; 


ern exposure, and alluvial-sod and meadow 
soils on the Karamysh flood plain. According 
to the data furnished by Bespalova (6), strong- 
ly and very strongly eroded soils occupy 9.3% 
of the total area; moderately eroded soils, 
25.5%; and water-deposited soils 10.6%. 


In our investigation we studied profiles 
along the slopes in different areas of three 
tracts (Fig. 2) sowed to the following crops: 
spring wheat, barley and winter rye (Fig. 3). 
The three tracts were as follows: 


a) Tract VL A slightly convex east-west 
plateau of the Talovsk-Panitsk watershed, 
ranging from 1 to 1.5 km in width, with most 
slopes less than 1°, The over-all horizontal 
dissection amounted to 1.0 km/km2, The 
predominant soil here is a southern, moder- 
ately thick, moderately rubbly chernozem on 
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Fig. 3. - Crops from 1 m in experimental plots. 
A - spring wheat, and B - barle 
; A ; y on the plots; 1 - VII - on alluvial soils: 2 - - 
on slightly eroded soils subject to deflation; 3 - VII - on strongly érbdanea ne mec - 
winter rye on plots; 1 - VI - on slightly eroded soils subject to deflation; 2 Vi - 


On strongly eroded soils 


‘ent materials. Deflation occurs on the 
teau and suffosion-caving processes in de- 
ssions. Sheet erosion of the soil is slight. 


b) Tract VU. A right-bank terrace of Talov- 
ravine. It faces SE, Sand SW. The steep- 
s is 3°-8° or more; its height is about 40 m. 
> tract is dissected by gullies and numerous 
ines, which are especially frequent in the 
tern part. The total horizontal density of 
section is 3.4 km/km? — considerably 

her than for Tract VI. The soils here are 
thern, shallow, eroded, moderately or quite 
bly chernozems on solid parent materials. 
dern geomorphological processes are re- 

>d to strong sheet erosion and active linear 
sion. 


c) Tract VII. The gentle southern slope 

a narrow slightly sloped (up to 2°) lower 
race of Talovka ravine. The density of 
section here is considerably less than on 
terrace (Tract VII). The chernozems here 
southern, moderately thick and thick, and 
nany places alluvial, in many places some 
syments. Modern geomorphological processes 
Sist in soil deposition on terraces anda 

ht erosion on slopes, 


For our studies, the crops on 10 m? plots on 
h of the three tracts were cut, dried, and 
>shed. Then the grain and straw were 

shed separately. In addition, samples were 
on from the same plots to determine the 
ictural harvest on 1 m?, The biometric re- 
s and yields are given in Table 1. 


[he results of our investigations make it 


sible to say whether land eroded to a partic- 
- degree is better or worse than other land 
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in the basic farming unit, the kolkhoz. Tract 
VII, as can be seen from Table 1, has the 
highest crop productivity. This area con- 
sists of relatively level fields with alluvial 
moderately thick and thick chernozems and 

is very favorable for growing agricultural 
crops. Tract VI is, in comparison, much 
less favorable for farming because of its 
natural features of soil erosion and deflation. 
As a result, the crop productivity of Tract 

VI is twice lower than that of Tract VIII. 
Tract VU, which is situated on strongly eroded 
bench on the right terrace of Talovka ravine, 
has still a lower productivity. The yield here 
is approximately twice lower than on Tract VI 
and 3 to 4 times lower than on Tract VIII. 


The area factor in the yield-tract relation- 
ship is very helpful not only in considering the 
effects of geographic differences on the pro- 
ductivity of eroded fields (this is very import- 
ant for qualitative and economic land evalua- 
tion), but also in determining the relative profit- 
ability of various crops for different eroded 
fields, 


In principle, a complete estimate to the rela- 
tive land productivity and crop profitability 
must be based on the correlation between yield, 
on the one hand, and not only the natural land 
properties but also the methods of land utiliza- 
tion, on the other hand. But, since in this par- 
ticular case the methods of land utilization are 
almost the same (crop rotation is not used, 
fertilizers are not applied, plowing is always 
done along the slopes), they do not have to be 
considered. 


The data in Table 1 specifically indicate that 
it is hardly economical to grow winter crops on 


Table 1 
Crop yields on different tracts with varying degrees of erosion, ''Lenin" kolkhoz; Krasnoarmeysk District. Saratov Region 


the fields of Tract VII, because in winter these 
fields become completely windswept of snow, 
which drifts into the numerous gullies and ex- 
Th 191N 09 19 pose the crops to wind and freezing. It would 
N=o 19S be more sensible here to grow crops which do 
mee a Oe not need to be plowed every year (perennial 
grasses, fruits, and berries) and forests. 


te Re The association of yields with complex of 
properties of the eroded landscape can be 
established not only at the Kolkhoz level but 
also for the administrative district and at 
higher levels. In the following paragraphs 

we consider this association for two adminis- 
trative districts of the steppe zone: Krasno- 
armeysk District and Zolotovsk District. By 
using Lidov and Setunskaya's (12) erosion map 
for the Volga upland and some additional indexes } 
of dissection and gully area, we can distinguish 
the following erosion districts. 
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Yield, cntr/ha 


Rinin Oink 
NO NOs © 


: weight fr, 
10 m2 


Krasnoarmeysk District 


{ 

I, Slightly eroded. In the northwest part | 

of the district, on the western slope of the 
Upland, where gullies occupy 1.3%-2.5% of 

the land area of four agricultural enterprises, 

Watersheds? here are relatively wide (up to ; 

| 


grains 
per ear 


Biometric and yield data 
Mean 
number of 


4 km) and the average surface slope is insig- 
nificant (less than 20 m per 1 km of slope 
length). Strongly dissected relief constitute 
about two-thirds of the total denuded area. 

The density4 of the ravine network is more 
than 1.5 km; and that of the gully network, from 
1 to 2km. The plowland area is very high (78%- 
85%). The plain area of the watersheds is 
covered with a thin chernozem that is low in 
humus (on compact parent materials — marls). 
The larger area of the hilly plain is covered 

by southern chernozem moderate thickness 

and low in humus (clays and fine clay-loam 
silty soils developed on deposits), Present 
erosive processes are weak. 


length of 
plant ear 


height of 


No. of 


= 
= Qa 
nud 
Mae 
So 
n 


Plot 
slope 


Il. Moderately eroded. In the central part 
of the district (Karamysh River basin), where 
gullies occupy 2.3%-3.4% of the land area of six 
kolkhozes and sovkhozes. The width of the 
watershed and average slope are here the same 
as in the erosion district previously. Highly 
dissected relief constitutes half of the denuded 
area, The ravine network has a density of 
1.1.5 km; and the gully network, 0.5-1.0 km. 
The plowland area is high: 60%-78%. The 
predominant soils are southern moderately 
thick and thin chernozems that are low in 
humus (on sandstones and sands). Large 
areas are covered with immature chernozems 
(soils of steep slopes on sandstones and sands) 
and solonetzic chernozems that are low in humus 
along the upper and middle reaches of the 
Karamysh River. Present erosion activity 
is moderate, 


sition 


Distance 
from plot to|Slope expo- 


water 
divide, m 


Spring wheat 
Spring wheat 


Spring wheat 
Barley 


Barley 
Winter rye 


Winter rye 


3Here, and below, we mean the width of the water- 
shed between the heads of two ancient erosion forms 
on opposing slopes, 


Comma represents decimal point. 


VI 


VII 


‘Density of ravine network — half the distance be- 
tween the thalwegs of two adjacent ravines; density 


a gully network — mean distance between slope gul- 
ies. 


Note: 
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Ill. Strongly eroded. In the southern part 
the district, which includes the watershed 
ateau between the Karamysh and Ilovlya 
vers. Gullies occupy 2.6%-4.2% of the land 
ea of three sovkhozes. Watersheds here 

e considerably narrower (less than 2 km) 

d the slopes are greater (20-50 m) than 
‘osion Districts I and II, while the density 
ravine and gully networks is the same. The 
owland area (thin chernozems low in humus 
sandstones and marls) is 25%-60%. On the 
per reaches of the Ilovlya River and its tribu- 
ries, large areas are covered with solonet- 

> chernozems low in humus. Present (accel- 
ated) erosion is evident almost everywhere, 


IV. Very strongly eroded. In the north- 
stern part of the district on the short, steep 
lga slope of the Upland, showing maximum 
ssection with ancient (normal) and present 
scelerated) erosion. About two-thirds, and 
many cases all, of the area is cut by ravines 
d gullies, which resemble deep gorges when 
en from Volga. Gullies occupy 4.3%-13% of 
> land area of three kolkhozes and sovkhozes. 
addition, the Volga slope is covered with a 
eat number of rills, waterways, gully-heads 
d small growing gullies, which could not be 
operly evaluated. Watersheds here are 
rrow (less than 2 km); slopes reach 50 m; 

> ravine-network density is less than 1 km; 

d the gully-network density is less than 0.5 
1. Because of the extensive dissection, the 
ywland area barely reaches 25%. The soils 
re consist of a thin chernozem low in humus 
compact parent materials, (marls, lime- 
mes) and immature chernozem (covering 

ep slopes). These soils have been most 
ongly eroded by wind and water; eluvium of 
» parent materials, and often even the parent 
terials themselves, are exposed. 


Zolotovsk District 


V. Slightly eroded. In the northern plain 

2a of the district, where gullies occupy up to 
% of the land area of eight kolkhozes. The 
rphological erosion indexes are the same 
for Erosion District I. Between one-half 

1 two-thirds of the land area is under cul- 
ation. The soils here are southern cherno- 
ms (clay and fine clay-loam soils on deposits), 
n chernozems low in humus (on sandstones 

1 sands), and dark-chestnut soils. The sheet 
1 gully erosion of these soils is slight. 


VI. Strongly eroded. In the southern “hilly" 
‘t of the district, where gullies occupy 4.3% 
) of the land area of six kolkhozes. The 
rphological erosion indexes are same as 
Erosion District IV. The plowland area is 
»-50%. Immature chestnut soils predomin- 
s on the steep, heavily dissected Volga 

pes, and dark-chestnut soils; and thin 
rnozem low in humus (on sandstones and 
ds), on the western slope (beyond the Volga- 
jlya water divide), These soils are subject 
yery severe erosion, 


Crop-yield data (average figures for the 
3-1957 period) in these districts are given 
Table 2. 


As Table 2 shows, yields of row crops (corn, 
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sunflowers, potatoes, millet) are most affected 
by the erosion intensity and the degree of dissec- 
tion. Comparison of these data with those pre- 
sented in earlier studies (19) strongly suggests 
that, although in the plain regions the yields of 
grain crops and legumes have markedly in- 
creased, in these eroded districts yields have 
not increased by even a centner between 1953 
and 1957 (as compared to the previous five- 

year period). Yields of spring wheat — grain 
crop most sensitive to soil erosion — actually 
even declined between 1953 and 1957, as com- 
pared to the 1948-1952 period. This was especi- 
ally true in the extensively eroded sub-districts 
on the Volga slope of the Upland. 


It must be admitted that at present, while 
there is a considerable crop-yield increase for 
the country as a whole, the eroded land still 
have lower crop yields than at the end of the 
19th century. 


It would be erroneous to think that crop 
yields depend exclusively upon the degree of 
erosion. Equally important are such other 
factors as, in particular, as the level of agri- 
cultural skill in different farming enterprises. 
However, since our investigations were so 
broad in scope and encompassed such a long 
period (28 farming enterprises for five years), 
the results amount to a statistical proof of the 
fact that the common reason for the yield differ- 
ences in this case were soil erosion and dis- 
sected relief, 


5 


The rapid growth of agricultural production 
envisaged by the ''Control figures for the de- 
velopment of the national economy of the 
USSR from 1959 to 1965" and endosred by the 
21st Congress of the Communist Party of 
Soviet Union calls for a yield increase of all 
crops. In this connection, the task of in- 
creasing crop yields in the Volga Upland as 
well as in other districts subject to dissec- 
tion and erosion assumes proportions of nation- 
al importance. It must be given urgent atten- 
tion. The achievement of large yields on the 
basis of scientific farming methods appropriate 
for each erosion district and for each individual 
farming enterprise would also mean an import- 
ant contribution to the over-all effort of ero- 
sion control. We have established how much 
crop yields depend on the degree of erosion 
and dissection. But the reverse is also true: 
the larger are crop yields and the better the 
development of the vegetation and its roots, 
the greater is the resistance of the soil to 
water erosion. 


One of the reasons for low crop yields is 
the decreasing quantity of seeds sowed per 
unit area. This has been happening every- 
where and always in the districts in question. 
Actually, it would be much more rational to 
sow full seed quotas on smaller areas only, 
than to waste seed on strongly and very strongly 


5 Experience shows that the modern agricultural 
methods can reduce erosion damage and contribute 
to higher crop yields. This is true, however, only 
when these are specialized methods for erosion 
control. 


A. V. TIKHONOV 


Table 2 


i i i i long the right 
ields in eroded areas of the steppe zone in the region a 
At paneot ine Volga (Saratov Region) for the period 1953-1957, cntr, ha 


All grain 
tw te and legu- |winter 
Districts mainoue pa 


| rye 


crops 


Including 

E : Sun- | Pota~ 
Spring Barley, ae flowers toes None 
wheat g 


Krasnoarmeysk District 


. Slightly eroded 

. Moderately eroded 

_ Strongly eroded 

. Very strongly 
eroded 


Decrease in yields in 
District IV, in per- 
centage, aS compared 
to District I 


. Stightly eroded 
. Strongly eroded 


Decrease in crop yield 
in District VI, in per 
centage, aS compared 
to District V. 


'Data for 1956 and 1957. 


Note: Comma represents decimal point. 


eroded inter-ravine and inter-gully areas, 


Mineral and organic fertilizers are an effec- 
tive means for increasing crop yields. But on 
the Volga Upland they have not up to now been 
applied either in adequate quantities or to the 
areas which need them most, 


Increased crop yields depend to a great ex- 
tent on measures for the conservation and con- 
trol of water. Therefore special attention 
should be given to forest shelterbelts, various 
kinds of water reservoirs and water ways, 
sowing or cover-crop strips, and after harvest 
leaving high stubble on the field, use of deep 
plowing and discontinuous harrowing (2, 4, 5, 
GlOS el oepl oamligeeoi))s 


The following administrative-organizational 
measures for controlling erosion and increasing 
yields are especially i:nportant: 1) establish- 
ing a correct ratio for the main types of land 
utilization: plowland, meadow, and forests 
(as well as their correct distribution in ac- 
cordance with the terrain features (3, 8, 17, 19); 
introducing and developing proper rotation with 
special emphasis on soil-protecting meadow- 
pasture of crop rotations and perennial grasses 
on areas not included in the crop rotation (3, 4, 
5, 8,9, 10, 14, 15, 17, 18, 21); 3) proper use of 
agricultural machinery, and above all the 
rational allocation of machines and fuel accord- 
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26,0 


35,3 


Zolotovsk District 


ing to the degree of dissection of the land, 

and also the use of contour plowing only on 
slopes (4, 5, 15, 16,17, 19, 20,21); 4) rational 
crop specialization in erosion districts by 
taking into account their natural and economic 
conditions, as well as the problems of erosion 
esoah and the reclamation of eroded areas 
19, 20). 


There cannot be any doubt that the use of 
these measures will promtply result in check- 
ing erosion and thus increasing crop yields in 
accordance with the requirements of the seven- 
year plan for great agricultural progress. 


Received April 12, 1959 
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INVESTIGATION OF ORGANIC MATTER 
IN PODZOLIC COHESIVE SANDY SOILS 


A. MUSEROVICH, S. BROGOVSKI, and T. SKORUPSKA 


This report presents the results of investiga- 
tions of humic substances isolated by means 
of I. V. Tyurin's method from podzolic cohesive 
sandy soils (cultivated and forested). 


1, The soils studied contained carbon in 
the following forms, expressed in percentages 
of total C: 


a) in the top layers (0-30 cm): bituminous 
carbon, 3.6%-14.5%; carbon of Group I humic 
acids,! 11.7%-23.0%, or 80%-86.8% of total C 
in all humic acid fractions; carbon of Group 
II humic acids,2 2.3%-4.1%; carbon of Group I 
and II humic acids (Cy: 1+ II), 14.0%-27.0%; 
carbon of all fulvic acid fractions, 33.4%-42%; 
carbon of humin and ulmin fraction, 16,2%- 
43.9%. 


b) in the subsurface layers (25-45 cm): bi- 
tuminous carbon, 0.6%-13.0%. Thus, as com- 
pared to the top layers, the subsurface layers 
of the soils under study proved to contain less 
bitumen carbon, 


Carbon of Group I humic acids, 12.8%-19.2%, 
or 73.0%-87.5% of total C in all humic acids. 
The top layers of the investigated soils contained 
more carbon in Group I humic acids (Cyl), ex- 
pressed in percentage of total (C,) soil carbon 


(100 x Chhy as compared to the same layers 


10) 
of the cultivated soils. 


Carbon of Group II humic acids, 2,.2%-5.0%; 
carbon of Group I and II humic acids (C: I + ID) 


> 


‘Humic acids free or weakly bound to the mineral 
and organic parts of the soil. They are soluble when 
the soil is treated directly with 0.1 N NaOH. 


"Humic acids relatively firmly bound to the mineral 
and organic parts of the soil. They are soluble in 
alkali after decalcification. 
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17.5%-22.4%; carbon of all fulvic acid fractions, 
32.0%-43.8%; carbon of humin and ulman frac- 
tion, 25%-38%. 


2. The ratio between the total C content in 
all humic acid fractions (Cp) and the total C 
content in all fulvic acid fractions (Cf), i.e., 
Cn:Cf, fluctuates between 0.40 and 0.57 for 
the cultivated soils and between 0.40 and 0.70 
for the forest soils. 


The Ch:Cf ratio shows that the soils in ques- 
tion definitely belong to the slightly-podzolized 
sod-podzolic soils. 


3. The Group I humic acid fraction contains 
little P,O,: 1.67-8.0 mg of P,O,/100g of humic- 
acidi@s The Group II humic acid fraction does 
not contain P,O;. Extracts containing fulvic 
acids had somewhat more P.O, than did ex- 
tracts containing humic acids, 


4, The Group I humic acids contained 6.5%- 
12.3% of the total N in the soils under study. 
The C:N ratio fluctuates inthese acids between 
16.7 and 21.5, In extracts from the upper layers 
containing acids, the C:N ratio varies from 5 to 
10.5. The Group I fulvic acids (in the upper 
soil layers) have a higher nitrogen content, ex- 


pressed as percent of total N ees) than 


Group I humic acids anh Le tN 
10) 


5. The optical density of the Group I fulvic 
acids proved to be less than that of the Group 
I humic acids of the same soils. It follows 
that the Group I fulvic acids of the soils under 
study must have a simpler molecular structure 
than the Group I humic acids. 


6. The exchange capacity of the humus provec 
to be higher in the forest soils than in the culti- 
vated soils. 


7. These results indicate that the signs of 
podzolization, which appears in sandy forest 
soils when they are cultivated, remain in them 
for a very long time, 


) INTENSIFY THE DEVELOPMENT OF RATIONAL METHODS 
)R FIELD AND LABORATORY SOIL INVESTIGATIONS 


torial Board of Pochvovedeniye 


During the recent years successes unprece- 
ited in human history have been achieved by 
science and technology of our country. The 
gressive nature of the Soviet science has 

n widely recognized throughout the entire 
rld owing to such achievements as the con- 
st of cosmic space, very long-distance 
plane flights, great progress in the peace- 
use of atomic energy, and the industrial 
of semiconductors. 


The 21st Congress of the Communist Party 
he Soviet Union and the plenary sessions 

he Central Committee that followed charged 
industry and agriculture with the task of 
iieving considerable increase in the pro- 
tivity of labor through vast mechanization 

| automation of production. 


This task concerns, among others, Soviet 

| scientists and agricultural chemists. 

en considered against the background of the 
entific and technical achievements men- 

1ed previously, our current field and labora- 
y methods of soil investigation appear to be 
newhat obsolete. 


It is true that during decades there have 

n certain advances in this field. We can 
ntion the application of aerial photography 
arge-scale soil mapping, which saves time 
provides a higher degree of accuracy; a 

7 vibration drill (suggested by V.G. Petrov); 
ter analyses, as a result of the spectral 
thod, trilometry, and the use of such new 
ipment as the electrophotocolorimeter, 
rferometers, etc. A deeper study of soil 
iponents and processes has been made 
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possible by the use of isotopes, the electron 
microscope, chromatography, and other 
modern methods. 


However, on the one hand, these modern 
methods have not as yet been adopted by all of 
our leading soil and agricultural chemical re- 
search centers, to say nothing of provincial 
institutes and experiment stations. And, on 
the other hand, many soil investigation 
methods are still very time-consuming and 
sometimes not suitable for specific soil-re- 
search objectives and field and laboratory 
conditions, A good example of this is mois- 
ture determination by gravimetric and similar 
methods, 


There have been considerable achievements 
in the USSR in standard studies of soil proc- 
esses. But the methods continue to be time- 
consuming and imperfect. Modernization and 
automation of many analytical operations are 
long overdue. Soil science and agricultural- 
chemistry do not take full advantage of the ex- 
perience of chemical research laboratories at 
home and abroad. 


The editorial board of Pochvovedeniye pre- 
sents in this issue a number of articles devoted 
to the problem of improving methods of soil 
analysis. At the same time, the editorial 
board appeals to all soil scientists, agricul- 
ture chemists, and other specialists to in- 
tensify their efforts in expediting and improv- 
ing field and laboratory research methods. 

It also urges them to submit data on the results 
obtained for publication on the pages of our jour- 
nal. 


THE USE OF SODIUM PYROPHOSPHATE FOR ISOLATING FREE 
HUMIC SUBSTANCES AND THIER ORGANIC-MINERAL 


COMPOUNDS FROM THE SOIL 


L. N. ALEKSANDROVA, Leningrad Agricultural Institute 


It is an established fact that humic substan- 
ces exist in soil in the following three forms: 
humic acids, humic acid salts with strongly 
basic cations, and complex alumo- and iron- 
humic salts. All these forms can exist either 
free or aggregated (attached) to the colloidal 
and coarser separates (1). 


All variations of I. V. Tyurin's method for 
the fractional analysis of humus (2, 3, 4,5) can- 
not be used to determine how the three humic 
substances and the mineral part of the soil are 
bound together. They can only show how stable 
these aggregates are. A direct treatment of 
soil with 0.1 N NaOH leads to the isolation of 
free and minimally aggregated humic substan- 
ces. A further treatment with 0.1 N and 0.5 
N H,SO, and 0.1 N NaOH results in the isolation 
of more dehydrated and stable forms. This 
method cannot be used to isolate alumo- and 
iron-humic compounds because even weak 
mineral acid solutions destroy these compounds 
and extract part of the aluminum and iron from 
hydrated sesquioxides and other minerals, The 
aspect of this problem concerned with mineral 
forms of iron has been discussed in detail in 
Tsyurupa’s work (16). Weak NaOH solutions also 
partially destroy alumo- and iron-humic com- 
pounds, converting aluminum and iron into 
hydrates. Aluminum partially (depending on 
NaOH concentration) goes into solution as 
aluminate, while the iron remains insoluble. 

In addition, 0.1 N NaOH partially dissolves 
mineral forms of aluminum existing as hydrated 
aluminum oxides and other forms. 


Free humic substances and their alumo- and 
iron-humic derivatives not firmly aggregated 
with the mineral part of the soil can be isolated 
by means of sodium pyrophosphate. This 
solvent was first suggested by Bremner (7) who 
conducted extensive experimental investigations 
of humic substances. It is widely used in com- 
parative studies of humic substances in various 
soils by German and Japanese researchesr 
(8,9, 10). However, until now no attempt has 
been made to use this method to isolate alumo- 
and iron-humic compounds. 


We conducted detailed investigations of the 
effects of sodium pyrophosphate on the soil in 
order to work out methods for the isolation of 
humic substances and their organic-mineral 
derivatives, Our objective was to study the 
mechanics of pyrophosphate action on the soil 
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and to compare them with the effects produced 
by 0.1 N H,SO, and NaOH, which are usually 
used in fractionation. 


We examined a number of soils, parent ma- 
terials, and artificial preparations, For the 
artificial preparations we used calcium hu- 
mates, alumo- and iron-humic compounds de- 
rived from chernozem humic acid, as well as 
sesquioxide gels dehydrated to various degrees 
derived from aluminum and iron sulfates by 
ammonium hydrate precipitation and purified 
by usual methods. 


Table 1 shows the effects of 0.1 N H,SO, and 
NaOH and 0.1 M sodium pyrophosphate on the 
artificial preparations, Table 2 shows the ef- 
fects of the same solvents on parent materials, 
In each case a weighted portion was treated 
with one of the solvents for 12 hours at room 
temperature. The data show that 0.1 N NaOH, 
while completely dissolving calcium humates 
and the organic part of alumo- and ferrous- 
humic compounds, destroys iron-humic com- 
pounds, converting a considerable part of the 
iron into hydrates. Its effects on aluminum 
hydroxide and on parent materials are just as 
destructive. Asa result, a considerable part 
of the Al goes into solution, The 0.1 N H,SO,, 
which is usually used for decalcification, is 
highly decomposing of Al and Fe-humic com- 
pounds removing aluminum andiron. A con- 
siderable portion of these two elements is 
dissolved from parent material and non-silicate 
forms by 0.1 N H,SO,. 


The effects of sodium pyrophosphate present 
a different picture. Quaternary sodium pyro- 
phosphate (Na,P,0, - 10 H,O, and Na, P,O, with 
molecular weights of 446 and 266, respectively) 
dissolves well in water (its solution has a weak 
alkaline reaction, pH 8-8.5). The Na,P,O,, in 
completely dissolving all artificial prepara- 
tions (humic acids, calcium humate, Al- and 
Fe-humic compounds), dissolves the organic 
portion in addition to the aluminum and iron, 


An electrodialysis of the solutions demon- 
strated that Al and Fe remain in the anion part 
of the humic molecules. Only when the Al and 
Fe-humic preparations are extremely dehy- 
drated, is there a small portion of the Al and 
Fe (2%-9%) which does not go into solution, At 
the same time, the Na,P,0, solution has no 
destructive effect on sesquioxide nonsilicate 


ISOLATING FREE HUMIC SUBSTANCES 


Table 1 
Effects of 0.1 N H,SO, and NaOH and of 0.1 M Na,P.0, on preparations 


Dissolved, in percentages of the initial amount 


0,1 N H,SO, 0,1 N NaOH 0,1 M Na,P,O, 
Preparations a 
Cc Fe,0, Al,0, iS Fe,0, Al,O; (e Fe,0, Al,0, 
Humic acid 4 3 = | a= ae 
ye 4 — — — 
3 (ie lane Ma Pati = 
Ca-humate 4 4 — — 
2 QO | .—ewplfse = 
3 pe of 
Al-humate 1 0 | es? 4100 
2 es 38 400 
3 0} — 27 82 
Fe-humate 4 ON hee? = — 
2 0 360i}. — Se 
0 15) — _— 
Fe(OH), 4 — | 49 — <2 
2 —_ 5. | — — 
3 =e | = _ 
Al(OH), 4 ie ee 72 
) / — | = | 48 65 
ge rea Ss 82 0 


i i 
Remarks: 1 — fresh gel; 2 — dried at 30°C; 3 — dried at 100°C; Fe content in Fe-humate 
is 12%; Al content in Al-humate is 7%. 


Note: Comma represents de@imal point. 


Table 2 
Effects of 0.1 N H,SO, and NaOH and of 0.1 M Na,P,O, on parent materials 


Dissolved, in mg per 100 g of parent material 


—_— 


0,1 N H2SO 0,1 N NaOH 0,1 M Na,P,0 
Parent materials Dp ae : 3 ome? 
Cc Fe,O; Al,O; S Fe,0, | Al,O; Cc FeO, | Al.O; 
Morainic non-car- 
| eat clay 20am 4809 | None 92 215 |None | None 22 |None | None |None 
Fluvio-glacial 
sandy loam 460 | 44 A EE a i 80 9 z 8 
Cambrian clay 260 | None ee 32 | None | None 49 {None |None | None 
Loess-like non-car- 
bonate clay 
loam 180 40 920) 975 21 is 164 nit) v 17 
Loess-like carbonat 
clay loam 220 37 272 189 Zl a 152 LOLS sek 2 14 
4oess 190 39 237 224 20 E 32 21 ie! §) 
ted-colored crust 260 j None 42 414 |None iy 600 Noné ad 8 
pte: Comma represents decimal point. 
| i i f Al into solution, probably 
ms, nor does it extract Al and Fe from a slight transfer 0 é 1 
Pant materials. Only when the parent ma- at the expense of Al-humic compounds. 


i i next page. 
‘ial contains some humic substances, 1s there Footnote 1 on pag 
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As we have found, the interaction between 
Na,P,O, and water-soluble calcium salts and 
carbonates produces water-insoluble Ca,P,0,, 
which partially dissolves in excess pyrophos- 
phate, forming a complex salt (Ca,P,0,) Na. 


Calcium remains in the anion part of the 
molecule and is ionized only after acid hydrol- 
ysis. Because of this special property of sod- 
ium pyrophosphate, it is possible to use it to 
extract humic substances even from very ex- 
tensively carbonated soils (sierozem), without 
first decomposing carbonates. Sodium pyro- 
phosphate also forms pyrophosphates with 
water-soluble aluminum and iron salts. They 
dissolve only in excess sodium pyrophosphate, 
forming complex salts. Since soil usually does 
not contain water-soluble Al and Fe salts, this 
factor has no significance for the extraction of 


Al and Fe humic substances. 


To learn the mechanism of Na,P,O, effects 
on soil humic sbustances, we studied solution 
concentration, interaction time, temperature, 


and soil:solution ratio on the humic substances 
obtained, Some of the data pertaining to these 


investigations are given in Figure 1. Extrac- 


tion of humic substances proceeds fairly rapidly 


as the sodium pyrophosphate concentration is 
0.075 M or more, it has no effect. However, 
when it falls below this level, a sharp decrease 
in the yield of humic substances follows. As 
can be seen, the effects of 0.1 N NaOH on soil 
are quite different. In this case all of the fac- 
tors substantially affect the yield of humic sub- 
stances, All curves indicate a gradual hydro- 
lysis of humic substances. Similar results wel 
received by us for other soils. 


Our investigations permit us to assume that 
the mechanism of the action of Na,P,O, upon 
humic substances amount to an irreversible 
substitution reaction between cations, resulting 
in the formation of soluble humic, Al and Fe 
humic salts. Their formation proceeds as 
follows: 


1, R(COO),Ca, + Na,P,0,-R(COONa), +; Ca,P,0, 


2, 2[RCOOFe(OH), |(COO),Ca + Na,P,0,— 
21RCOO Fe(OH), |(COONa), +} Ca,P,0, 


3, 2[RCOOAL(OH), ](COO),Ca + Na,P,0,— 
2}RCOOA1(OH), |(COONa), ++ Ca,P,0, 


Owing to the formation of water-insoluble 
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Fig. 1. - Yield of humic substances from chernozem (0-10 cm) in pyrophsophate 


exthact. 


A - time effect; B - temperature effect; 
D - effect of concentration. 1 -0.1N NayP 207; 2 - 0.1 N NaOH. 


(2-3 hours) and additional time does not in- 
crease the total amount obtained, Tempera- 
ture does not have any effect, either, Prac- 
tically same quantities of humic substances 
were extracted at room temperature and when 
the temperature was increased to 100°C by 
means of a water bath. The ratio between 
soil and solution plays a role only when it is 
very narrow (1:5), Then the yield of humic 
substances noticeably decreases, As long 


‘It should be noted that Na,P,O, causes consider- 
able peptization of the clay and colloid fractions. 


Therefore it is necessary to use coagulators (K,SO,, 
NaySO,). 
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C - effect of soil-solution ratio; 


Ca,P,0,, the reaction proceeds in one direc- 
tion only and fairly fast, 


The isolated Al and Fe humic compounds 
are easily hydrolyzed with hydrochloric acid, 
They are converted into chlorides and the ex- 


cess sodium pyrophosphorate changes into 
orthophosphate, 


Table 3 gives some data on the quantities 
of Al and Fe which go into sodium pyrophosphat« 
solution. As has been already pointed out, 
Om N NaOH extracts practically no Fe. The 
quantity of Al that goes into solution varies 
considerably and probably depends on the dura- 
tion of the interaction between the soil and 
the alkaline solution, 
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Table 3 


Amounts of C, Fe,O, and Al,O, extracted from soil by 0.1 M Na,P,O, 


In mg/100 g of soil 


| In mg/100 ¢ of soil 


Soil Pa an Depth, 
ene @ Al,0, | Fe.0, cm | re) Al,O; | Fe,0, 
Chernozem 0—10 atrlsys) || Dey 420 |/'Podzolic 5—9 666 | 159 169 
20—30 954 | 264 101 9—22 112 50 69 
40—50 769 | 262 88 7161 48 45 86 
| 78—88 319 | 102 61 110—120 44 | None 13 


It is a much more complicated problem to 
ermine which part of the humic substances 
extracted from the soil by 0.1 M Na,P,0,. 

ble 4 gives some comparative data on ‘the 
ntitative and group composition of humic 
stances extracted from soil either by pyro- 
ysphate, or by the commonly used Tyurin 
thod of fractional analysis. As the data 
icate, direct pyrophosphate treatment yields 
ut 70% of the total humic substances pro- 
ed by the ordinary method (for sierozem 

ut 60%). Additional treatment of soil with 
N H,SO, is not very effective. Humic sub- 
nces thus added to the pyrophosphate extrac- 
1 do ngt exceed 1.5%-5% of their original 
ntity.“ It may be assumed that this amount 
carbon comes primarily from the acid hy- 
lysis of several already semi-humic organic 
idues. It is especially important to note 

t this decreased yield of humic substances 
saused by the fulvic acid group. The most 
iking example of this is furnished by cher- 
em, where direct alkaline extraction pro- 
es twice as much fulvic acid. The amounts 
yumic acid, when extracted by the pyrophos- 
te method alone or when followed by 0.1 N 
O, and NaOH, are almost the same for all 
ls “(chernozem, 21.9 and 23.1; podzolic soil, 
1 and 10.9; red earths, 8.4 and 9.2; siero- 
a, 8.7 and 10.3). The high yield of fulvic 

d, lasting sometimes for several days dur- 
the follow-up treatment of a weighed por- 

1 with alkali and acid, can be explained by 
imber of reasons, The alkaline treatment 
ults in partial hydrolysis of the humic acids 
nmselves. Special experiments have corrob- 
ted this assumption, 


[able 5 shows the amounts of humic and 
‘ic acids extracted by Na,P,O, from humic 
stances before and after their treatment 
YaOH up to pH 10-12, 


' should be noted that preliminary soil treatment 
0.1 N H,SO, while not increasing substantially 
rield of humic substances, leads to a sharp in- 
se in Al and Fe, which enter the pyrophosphate 
act because of the decomposition of the mineral 
of the soil by sulfuric acid. Therefore, Na,P,0, 
‘ot be used to extract aluminum- and iron-humic 
bounds after the soil has been treated with sul- 
| acid. 
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Continuous hydrolysis by acid and alkali 
also causes the separation of a certain portion 
of the organic substances contained in semi- 
decomposed residues. And it is a well-known 
fact that 0.1 N Na,SO, and NaOH extract a con- 
siderable amount of carbon even from unde- 
composed vegetative residues. Finally, the 
acid treatment increases the yield of fulvic 
acids by acting on that part of them which is 
firmly bound to old and extensively dehydrated 
iron oxides. Thus, it may be assumed that 
the direct treatment of soil with pyrophosphate 
extracts "purer" humic substances; free ones, 
as well as those that form the upper part of 
films on various inorganic fractions. That 
portion of the humic substances which has 
become firmly bound to the surface of minerals 
cannot be extracted either by Na,P,O, or by 
0.1 N NaOH even when the soil is first treated 
with 0.1 M H,SO,. Only an alternate treatment 
of soil with stronger solutions results ina 
gradual release of a certain part of such sub- 
stances, After humic substances have been 
removed from soil by 0.1 N NaOH and H,SO,, 
an additional treatment with sodium pyrophos- 
phate extracts practically none of the humic 
substances firmly bound to the mineral part 
of the soil. Thus, for instance, an experiment 
with such a follow-up pyrophosphate treatment 
of various soils added only the following amounts 
of C, expressed as percents of initial content: 
chernozem (0-10 cm), 1.7%; podzolic soil (2-9 
cm), 0.9%; red earth (0-10 cm), 0.7%; and 
sierozem (0-10 cm), 0.5%. It should be noted 
that, when sodium pyrophosphate is used, we 
obtain a more characteristic humic acid:fulvic 
acid ratio for each soil group. This ratio 
is highest for chernozem, which has the most 
favorable conditions for humic acid synthesis. 
It is lowest for red earths, because of the in- 
tensity of the hydrolytic breakdown of organic 
residues, 


The optical density of humic acids extracted 
by means of sodium pyrophosphate and a follow- 
up treatment with 0.1 N H,SO, and NaOH from 
chernozem and podzolic soils is practically the 
same, provided that the same pH is main- 
tained. Direct treatment with 0.1 N NaOH 
produces humic acid with the lowest optical 
density. Fulvic acids contained in pyrophos- 
phate extracts from podzolic soils have a 
higher optical density (Fig. 2). It appears that 
alternate acid-alkali treatment penetrates 
deeper into the whole unstable humic-substance 


Table 4 


-group composition in various soils (C in percentages of total content) 


Amount of humic substances and their chemical 
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Following 0.1 N H,SO, 


a 


Qo] $20 OO Hr mo, system of podzolic soil. It should be noted 
5 ES BS iO ee Ft that the pH of the solution has a great effecy 
as on the optical density. This is especially 
—_ — true in the case of the fulvic acid group, re 
‘a EtaeD ase eae ets gardless of the method used to isolate them 
io mae vinun SAP The greater the pH, the higher the optical 
ES = density (Fig. 3), Therefore, to be meanin 
4 3 ful, each optical density must include the pil 
ae) OD ON Me BB 
ot RIAA oo Stone Se In conclusion, we should briefly dwell onj 
2 the method of determing Al and Fe in alumi 
maa and iron-humic compounds extracted by sod} 
um pyrophosphate, Our investigations dem 
oe oo me ~e strated that some of the sesquioxides break 
even when the humic acid is precipitated, a 
ALE neh os bee a certain amount remains in the precipitate | 
= oa DO OD NO om “4 this acid. Because of the presence of exces 
o| 8 as ON ta SK coo] O sodium pyrophosphate, their determination i 
2 2a fy SoS wre ee made even more difficult. For best results 
4 Rye enone aes x a 30-40 minute hydrolysis in a 5% hydrochlo: 
CNTR Ee ep onrr ae Pascal 2 acid solution should be used, During the hy 
= XN T7 lysis, Al and Fe are removed completely an 
= i a ner rere | eS converted to chlorides, while t e excess hyd 
‘8 ee ES EN ASA Feo go t= phosphate changes into orthophosphate. The 
2 Ries Poa age soy Tanuey quantitative precipitation from the orthophos 
ee eae core a OE ORK phoric acid solution can be achieved with 
2 GS 8G wS ier ammonium hydroxide, Analysis of the pre- 
e reek el} Fa ipitate showed that all the Aland F recipi 
® As a5 oe ae S cipi ata e precip 
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or 42444 422 22 oO = many Cases Ca, released froma complex sodiu 
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= oa Seo. & metrically. In the case of iron, good results 
= s | i a " ee are achieved with ammonium rhodanate and 
OMS) CY tne ei ee Salicylic acid, Aluminum can be most ac- 
Q —————_——____| 6 2? curately determined with hydroxyquinolime, — 
S| a Su, This method, however, is technically very cc 
8 rs Si ane plicated. The colorimetric method with alu 
a ON Sas eae § 8 minum can be used, provided one remains 
i) f ON ® © A 7 within that portion of the scale which distin 
<I fo) 9 o 
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shows the coloring proportionality. The amo 
alculated by difference, 


in this case allowance for calcium must be 
made, 
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Fig. 2. - A - Optical density of chernozem humic sub- 
stances, pH5; and B - podzolic-soil humic substances, 


pH 5. 
Light filters: )"="red; 7 Il - orange; ell) = green; 
IV - blue. Fulvic acids: 1 - 0.1 M NayP 07; 2 - 0.1 
N NaOH; 3 - 0.1 N H2S0, + 0.1 N NaOH; Humic acids: 


4 - 0.1 M NayP207; 6 - 0.1 N H2S04 + 


0.1 N NaOH. 


5 - 0.1 N NaOH; 


Optical density 


12 

0 0 
Jan. Feb. Mar. Apr. Jan. Feb. Mar. Apr. 
Fig. 3. - Effects of pH on optical density of chernozem 


humic substances (0-10 cm). A - extracted by 0.1 M 


NayP90c5; B - extracted by 0.1 N NaOH after decalcifi- 
cation with 0.1 N H2S04. 

Light filters: | - red; I! - orange; III - green; 

i” o bile, Rulwic acces i Spl Ss 25 phys ths 

pH 10. Humic acids: 4 - pH 5; 5 - pH 7; 6 - pH 10 


the total carbon and the quantity of humic 
acids in individual portions of the filtrate. 
These acids are precipitated from 20-50 ml 
filtrate portions into methyl orange (drop test 
on filter paper) by means of a 20% H,SO, solu- 
tion until the filtrate has been decolorized. 


The analysis proceeds as follows: A 5-20 
x soil sample is placed in an Erlenmeyer 
Flask and treated with 200-500 ml of freshly 
prepared 0.1 M Na,P,O, at room temperature 


(the larger the humic content of soil, the 


smaller the soil sample and the wider the ratio 
of soil to solution). A few K,SO, crystals are 
added to coagulate organic-mineral colloids. 
Extraction of the humic substances requires 
2-3 hours (can be left overnight). The settled 
solution is processed through a centrifuge or a 
dry filter. Afterwards a membrane filter or a 
bacteriological candle is used to eliminate 
colloids. Tyurin's method is used to determine 


3when the solution is kept for a long time, sodium 
pyrophosphate partially changes into orthophosphate. 
The solution should produce pale-pink coloring when 
phenolphtalein is added. 
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Then it is dissolved in an NaHCO, solution? in 
a clean 50-100 ml volumetric flask. The 
total carbon in the individual portions is once 
again determined by Tyurin's method, The 
fulvic acid carbon is determined by differ- 
ence. (As a double check it is advisable to 
determine the fulvic acid carbon in the sulfate 
filtrate after the humic acids have been pre- 
cipitated). The quantities of humic and fulvic 
acids are calculated in milligrams per 100 g 


4The humic acid precipitate is peptized very fast 
when washed with water. 
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of soil, Depending on the soil group, the 
following coefficients are used for this purpose: 
If Ore IU6feys ‘ps humic acids, and 2.0 or 2.2 for 
fulvic acids. 


The amount of Al and Fe is determined as 
follows. A 7-10 ml portion of 5% HCl (free of 
Fet+) is added to 50-75 ml of the solution. 
Then the solution is boiled under a reflux con- 
senser for one hour. If the HCl does not pro- 
duce humic acid flakes and the solution remains 
colorless, a few glass capillaries should be 
installed in the flask to prevent overheating of 
the solution in the course of hydrolysis. Dur- 
ing the acid hydrolysis Al and Fe are con- 
verted to chlorides and the excess pyrophos- 
phate changes to orthophosphate. To remove 
the sodium pyrophosphate excess and the or- 
ganic substances, the hydrolyzate is filtered 
and washed with 1% HCl solution showing a nega- 
tive reaction for Fe**, The resultant HCl acid 
solution is treated first with 25% and then with 
10% NH,OH to precipitate Al and Fe. These 
minerals settle as pale-yellow or white flakes, 
usually contaminated with organic substances.6 
The solution and its precipitate are then heated 
and boiled until the odor of ammonia has been 
completely eliminated. Then it is filtered 
through a loose ash-free filter, washed two or 
three times with hot 0.5% NaNO,, and heated 
strongly in a porcelain crucible to eliminate 
organic matter, After cooling, the precipi- 
tate in the crucible is dissolved in 1-2 ml 
of concentrated HCl, while being heated on a 
hot plate ina hood. Then it is dissolved in 
water and filtered into a 50 ml volumetric flask, 
The filter is washed with hot water containing 
a small amount of HCl until a negative Fe+++ 
reaction is registered, The amounts of Al and 
Fe are determined colorimetrically. Their 
content is calculated in terms of Fe,O, and 
Al,O, and expressed in milligrams per 100 ¢g 
of soil. The amount of Al can also be calcu- 
lated by difference. In this case a 3-5 ml 
portion of 1 n Na,PO, is added to the hydro- 
chloric acid solution containing the Al and Fe, 
and R,O, is once again precipitated with am- 
monium hydroxide, The precipitate is passed 
through a loose ash-free filter, washed with 
hot 0.2% NaOH, untilit showsa negativeCl re- 
action, heated to constant weight, and weighed, 
Then the precipitate is dissolved in concentrated 
HCl in the same way as described previously, 
A portion of the filtrate is used to determine 
Fe and the rest of it (30-40 ml) is used to de- 
termine calcium. In order to do this, ses- 
quioxides are again precipitated by ammonia, 
heated to the boiling point, dissolved by adding 
a few oxalic acid crystals until a clear acid 
reaction is shown with methyl red. Should 
there be a Ca,C,O precipitate, the solution is 
boiled for two or three minutes and the amount 
of calcium is determined volumetrically. After 
the Ca,(PO,), and FePO, contents have been 


5When the elementary content of humic substances 
in a soil under study is unknown, the coefficient is 
determined on an experimental basis by first adopting 
a 1.78 average value for humic acids and 2.1 average 
value for fulvic acids. 


‘The methyl-red indicator is very convenient in 
precipitating R,O,, 
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calculated, the amount of AlPO, is determined 
by difference and expressed in terms of ALO, 

by conversion. ? The weight ratio between hun 
and fulvic acids, on the one hand, and R,O, on 
the other, indicates the degree of saturation of 
humic substances with Al and Fe. This metho 
is designed for mineral soils. 


Conclusions 


A method for determining humic substances 
and their complex aluminum and iron salts not 
bound firmly to the mineral part of the soil has 
been suggested. The use of 0.1 M Na,P,0, is 
recommended for this purpose. The amounts 
of humic and fulvic acids in the extract are 
determined first, and the aluminum and iron 
contents are determined after acid hydrolysis 
has taken place, 


Received August 14, 1959 
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QUICK AND SIMPLE ELECTROMETRIC METHOD FOR DETERMINING 


SULFATE IN SALINIZED SOILS 


D. YE. GOLKIN, L. N. LOZANOVA, I. B. PINAYEVA and L. V. ALEKSANDROVA, Tomsk State 


University 


The determination of soluble soil sulfates is 
very important in establishing the degree of 
salinization of soils. Most frequently (1) soil 
sulfate ions are determined as barium sulfate 
gravimetrically. This is a very tedious and 
time-consuming method, requiring 10-12 hours. 
In addition, when applied to soil, this method 
involves equally laborious preliminary opera- 
tions, including the preparation of a water ex- 
tract (removal of fine suspended material, col- 
loidal particles, etc, ). 


The electrometric method of determing sul- 
fates developed by one of the co-authors of this 
paper (2) does not have these defects, Sulfates 
can be determined within a few minutes; no 
water extraction is needed; and the determina- 
tion can be made either in the laboratory or in 
the field. 


The electrometric method is based on the 
principle that a platimum wire ferri-ferrocy- 
anide electrode submerged in a solution of 
K,Fe(CN), and K,Fe(CN), reacts to changes in 
lead-ion concentration. Thus this electrode 
can be used as an indicator in titrating sulfate 
ions by lead nitrate. The ferri-ferrocyanide 
electrode potential is determined by the follow- 
ing equation (4), 


E = E, +27 jy [Fe(Cn)e"] (1) 


nF [ Fe(CN)¢ | 


The reaction between lead ions and ferrocy 
anide is expressed by the following equation: 


2Pb** + Fe(CN)s- = Pb, Fe(CN) 


6? 
and therefore, according to the law of mass 
action: 
SP 
[Fe(CN)a-] = __Pb,Fe(CN), 
[ Pp2t F 


, (2) 


where SP is the solubility product. 


Using the ferrocyanide value from Equation 
(2) and assuming the ferrocyanide concentra- 
tion to be constant, we can rewrite Equation 
(1) as follows: 


B= EB) + 2RT in (pve, (3) 
nF 
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where 


Fe(CN)3~ 
Ej = E, +22 ni cae (4) 
Pb, Fe(CN), 


It follows from Equation (3) that the ferri- 
ferrocyanide potential reacts to changes in 
lead ion concentration in the solution. 


Thus, titration of a sulfate solution con- 
taining a constant or small (specified) amount 
of ferrocyanide with lead nitrate would actually 
change the indicator electrode potential very 
little before complete sulfate precipitation, 

But as soon as all sulfate has been precipitated, 
the excess lead ions would sharply change the 
ferri-ferrocyanide concentration ratio (because 
of Pb, Fe(CN), precipitation), Asa result, the 
potential would increase sharply, indicating the 
equivalent point of titration. 


N. A. Ugol'nikov and D. Ye. Galkin (5) have 
established that, when 1 ml of 0, 1 MK,Fe(CN), 
and 0.1 ml of 0.005 M K,Fe(CN), are added to 
30-50 ml of the sulfate solution under study, a 
sharp increase in the ferri-ferrocyanide elec- 
trode potential occurs at the equivalent point 
and reaches its optimum. They also estab- 
lished that sulfate titration with lead nitrate 
should be carried out in a water-alcohol medi- 
um, with an alcohol concentration at the end of 
titration of not less than 30%, Otherwise, the 
increase in the potential would be insignificant 
and hard to detect. The titration is not suc- 
cussful in a water medium, 


The equivalent point can be registered by 
the potentiometric method (4, 3). However, 
most simple and convenient for this purpose 
is the electrometric method employing pairs 
of bimetal electrodes, in particular the pla- 
tinum-silver pair (2), It takes advantage of 
the fact that the platinum electrode potential 
changes four times as fast as the silver when 
the concentration ratio of ferri- and ferrocy- 
anides changes to the same degree. Therefore 
there occurs at the titration equivalent point a 
sharp increase in the E, M. F. of the platinum- 
Silver galvanic cell, which is easily recorded 
by a galvanometer, 


bf 


Water extracts were prepared from several 
soil samples to verify the applicability of the 
electrometric method for determining the 


DETERMINING SULFATE IN SALINIZED SOILS 


julfate salinization of soils in the following 
nanner (1 


First the soil was ground and sifted through 
| Sieve with 1-mm opening. Then 100g of the 
;0il (dry weight) was put into a 1-liter wide- 
nouth glass bottle. Five times as much (500 
nl) distilled water was added; the bottle was 
stoppered and shaken for five minutes, The 
nixture was then passed several times through 
he same paper filter until the filtrate became 
‘ompletely transparent and thus suitable not 
mly for the electrometric method, but also for 
he gravimetric method, The latter was used 
n determining sulfate ions for purposes of 
-omparison, For the electrometric method 
tself it is not necessary to have a completely 
‘lear solution. 


From 20 to 50 ml (depending on sulfate con- 
ent) of this extract were transferred by pipette 
o a 100-150 ml titration beaker. Sufficient 
litric acid was added as in methyl orange tests 
O assure complete decomposition of carbonates 
ind prevention of lead carbonate precipitation. 

f the carbonate content is high, it may be ad- 
isable to boil the acidified solution, A large 
xcess of acid should be avoided and the pH of 
he solution should not be less than 3, since 
vith increased acidity the EMF jump is less 
oticeable. 


After the elimination of carbonates, the 
weaker was filled with 1 ml of 0.1 MK,Fe(CN),, 
» 1 ml of 0.005 M K,Fe(CN),, and 20-50 ml 
an equivalent volume( of 96% ethyl alcohol. 
Yext a pair of platinum-silver electrodes, con- 
ected with the galvanometer through a high- 
hm resistance (as shown in Fig. 1), was 
nserted into the glass and an electric mixer 
yas turned on. The titration was carried out 
y adding a 0.1 N lead nitrate solution con- 
inuously from a burette by drops (at the end of 
itration the rate should be approximately one 
rop per second), until the first noticeable 
novement of the galvanometer needle (EMF 
ump) indicates the equivalent point. The ti- 
ration was repeated twice: the first time to 
etermine the approximate amount of lead 
itrate needed, and the second time to deter- 
nine the exact amount used, Our calculations 
7ere based on the data provided by the second 
itration. 


The lead nitrate solution titer was deter- 
1ined with a sodium sulfate solution of known 
oncentration. The electrometric method was 
sed for this purpose under the titration con- 
itions described, The Pb (NO,), solution 
iter can be determined by a standard aqueous 
olution containing a known content of sulfate 
for instance, as determined by the gravimetric 
1ethod). Such a solution can be kept a long 
‘me as a standard for the lead nitrate working 
olution. 


Any galvanometer with a sensitivity of 107° 
mp or higher can be used to register the 
hange in the EMF. When a very sensitive 
alvanometer is used, such as a mirror gal- 
anometer (shunted so as to keep the lightbeam 
ithin the scale during the titration process), 
1e equivalent point can be determined, not by 
1e first needle movement, but by the titration 
urve or by the second derivative Ai/Av (1 - 
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galvanometer reading), as is usually done in 


potentiometry (3), Of course, these two meth- 


ods are more precise. However, in most cases 
needle-type galvanometers produce satisfactory 
results. One should only follow the same routine 
in first setting up the lead nitrate and then work- 
ing with the water extracts being analyzed, 

Care should be taken, 


Bilge 
gram of the electrometric 
device, 


— Functional dia- 


A - titration vessel; Pt - 
platinum electrode; AG - 
silver electrode; R - High- 
ohm resistance (for a mirror 
galvanometer - 1.5-3.0 M ohm; 
for a needle-type galvanometer 
- 30-50 k ohm); Rm Rn - gal- 
vanometer shunt (not used with 
a needle-type galvanometer) ; 

G - galvanometer. 


A semiconductor or potentiometer, as 
commonly used in electronics, is quite suit- 
able as the high-ohm resistance, During titra- 
tion the galvanometer needle (or lightbeam) 
remains almost motionless until the equivalent 
point is reached, at which time it makes a 
sharp movement (jump). 


During our experiments, the silver elec- 
trode became covered with a white film con- 
sisting mostly of Ag,Fe(CN),. This does not 
interfere with titration (2) and no special 
cleaning is required, Only when this film 
becomes dark in color should it be removed by 
means of fine sandpaper. After each titration 
the electrodes should be rinsed in distilied 
water. The electrodes can be made of thin 
platinum and silver wire (1 mm in diameter) 
or small plates. 


Table 1 shows the results with the electro- 
metric and gravimetric methods involving ten 
soil samples. As can be seen, the electro- 
metric method, while being accurate enough 
for practical purposes, reduces the time re- 
quired to 10-12 minutes. 


Conclusions 


A rapid and simple method for determining 
sulfate salinization of soils has been developed. 
By using this method, it is possible to determine 


D. YE. GOLKIN, ET. AL. 


Table 1 


i und Sulfate ions found, % au} 4 
Soil STE eH ulttediy Deviation Soil Deviation 
Sample a in % eravi- ; in % 
NommY Rene lelectrometric (absolute) tric |electrometric| (absolute) 
metric thod pe method | 
| method ; ™ene method 
4 525 0,29 +0,04 
2 0,50 0,55 +0,05 
3} 0,84 0,86 0,02 
4 0,56 Q,o7 0,01 
5 0,42 0,41 —0,01 
Note: Comma represents decimal point. : 
sulfates in a few minutes and with a degree of 2, GALKIN, D. YE, 1957, Trudy Tomskogo 
accuracy sufficient for practical purposes. gosudarstvennogo universiteta. No, 145, 
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A RAPID AND ACCURATE METHOD OF DETERMINING 
HE ADSORPTION CAPACITY OF CALCAREOUS SOILS 


<. YA. KOZHEVNIKOV, All-Union Scientific-Research Institute of Wine-Making and Viticulture 


Degree of solonetzization is one of the most 
mportant factors to be considered in establish- 
ng effective and rational methods of improve- 
nent and subsequent control of solonetz and 
Olonetzic soils. It is a well-known fact that 
his degree varies considerably even among soils 
ightly classified as solonetz because of their 
istinctly pronounced solonetzic profiles. Sol- 
netzization of this soil group is determined by 
onditions of genesis. By its degree we under- | 


tand the ratio (in percentages) between exchange- 


ble cations. The latter is equivalent to the ad- 
orption capacity and is usually expressed in 
1eq per 100 g of completely dry soil. Thus, to 
stablish degree of solonetzization, one must 
irst determine exchangeable sodium and soil 
dsorption capacity (the latter is easier and 
impler to do than to determine separately each 
f the exchangeable cations). This has been 
one by means of either the special or the gen- 
ral method suggested by K. K. Gedroyts. 


As these methods are cumbersome and labor- 
NUS, we have been trying to find a simpler, 
ut equally accurate, new method. In doing so, 
e tested the following method? in its practical 
pplication. 


Adsorption capacity determination by means 
f Pfefer's method. Place 10 g of soil intoa 
rlenmeyer flask, add 25 ml of displacing solu- 
on, Shake well two to three2 times within one 
our, and leave it to stand overnight. Next 
1orning process the solution through small 
lters, while covering funnels with a piece of 
lass, and then wash thoroughly five times 
ith 15 ml-portions of the same displacing solu- 
on. 


This displacing solution is prepared as fol- 
ws: dissolve 5.35 g of ammonium chloride 
1 315 ml3 of water, add 665 ml of 96-percent 


ISuggested by K.V. Verigina (V.V. Dokuchayev 
911 Science Institute, USSR Academy of Sciences). 


*Shaking (rocking) was done by an automatic rotator 
rr one hour. 


3We increased the amount of water from 315 ml to 
35 ml in order to have one full liter of the water- 
cohol ammonium chloride solution. 
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alcohol, carefully add, drop-by-drop, am- 
monium hydrate until the pH reaches 7. 


Pipette 25 ml of the prepared solution, heat 
it to the boiling point, add 5 ml of formaldehyde 
(35%) and a few drops of phenolphthalin, and 
titrate it with 0.1N sodium hydroxide. While 
doing this, heat the solution once more and 
then complete the titration. Use a pipette 
to take 50 ml of the filtrate from treated soil 
and titrate it in the same way. 


Adsorption capacity would be expressed, in 
meq per 100 g of soil, as follows: (A x 2) — 
Be 2, where A is the amount of 0.1N NaOH, in 
ml, used to titrate 25 ml of the original solu- 
tion; and B is the ml of 0.1N NaOH amount, 
used to titrate 50 ml of the filtrate after the 
soil has been treated. 


Pfefer's method is based on the principle 
of displacing all exchangeable soil cations by 
ammonium (NH,) contained in the water-alco- 
hol (1:2) 0.1 N NH,C1. The amount of ammonium 
left over after the exchange reaction is deter- 
mined by an indirect method. After treating and 
leaching soil with NH,Cl1 solution, a certain 
amount (two 25 ml doses) of the resultant fil- 
trate is titrated with 0.1 N NaOH in the presence 
of formaldehyde. We already know the total 
ammonium content in a corresponding amount 
of the water-alcohol NH,Cl solution, There- 
fore, by determining its remaining content in 
this amount of the filtrate, we can find out how 
much NH, was used to replace cations of the soil 
exchangeable complex. 


The essence of these reactions can be out- 
lined as follows: 


ile M + NH,Cl = NH, + MC1, + NH,Cl 
2, 4NH,Cl + 6HCOH-(CH,),N, + 4HCl + 6H,O 
35 4HCl + 4NaOH = 4NaCl + 4H,0. 


These reactions (Equation 2) show that for 
each 1 meq of the excess ammonium there is 1 
meq of HCl formed as a result of the reaction 


4SAC — soil adsorption complex; M — exchanged 
cations (Ca, Mg, Na); NH,Cl — left over after the 
exchange of SAC cations; (CH»)gN, — urotrapine or 
hexamethylene tetramine formed by the reaction 
between formaldehyde and NH,Cl. 


K. YA. KOZHEVNIKOV 


Table 1 


Comparative res 


Profil Soil group Depth, cm 
No. 

2 Solonetz, deep O—20 0,416 
plowed 20—40 0,727 
40—60 0,697 
6 Solonetz, deep Q==20) (0). 204 
plowed 20=50 0,414 
50—68 Ono 
68—90) 0,478 
Solonetz, deep O—=20 0,469 
plowed 20—38 On5e3 
38—65 0,465 

Solonetz Sample { _— 

horizon B Sample » — 


ults of Pfefer's and Gedroyts' methods used concurrently to determine | 
adsorption capacity 


Adsorption capa-| Adsorption capa-}+ deviationfrom 
city by Pfefer 


city by Gedroyts standard 


meq % meq % | meq 


0,364 16,7. | +8,4) +4,4 
31.6 0,27) S16 0 0 
30.3 .(0°607h. 20, 6mei! 2-3 amen 
19.309|-0:333iet4u vor ns 
18.0 | 0,414] 48,0 0 0 
99-7e alin Sb 25 utiie |staeie Be sop 
20,8 aikQ. 5240. 85 Olt Algerh set oig 
20,4 |0,494) 21,5 sip ldatele en Sieh 
23.6.) 10; 550.0128.9° m kit, Jimeno 
20200 476) 1 20snmrehOL DeGhey eons 
= 0515) aro 3e7 es ~ 
= Olas ~ <A 


4Fliminated from comparison. Because the filter was loose, leaching occurred too fast 
causing incomplete saturation of the exchangeable complex with sodium. 


Note: Comma represents decimal point. 


between NH,Cl and formaldehyde. If we 
titrate hydrochloric acid with 0.IN NaOH, 
we would indirectly establish the amount of 
ammonium left out of the exchange reac- 
tion. 


Now we know the exact amounts of ammonium 
in a volume unit (25 ml) of the water-alcohol 
(1:2) ammonium chloride solution and in a vol- 
ume unit (50 ml) of the filtrate after the soil 
has been treated. By substituting these values 
for the latter symbols in the summarized 
formula given, we can calculate the soil ad- 
sorption capacity in meq per 100 g, 


The results of a parallel application of Ged- 
royts' and Pfefer's methods in determining 
soil cation-exchange capacity are given in Table 
1. Nine samples of solonetz soils from the 
Sivash coastal-area, Crimean Region, were 
used for this purpose. In most cases a satis- 
factory agreement was observed. Only in two 
cases — Profile 2, 40-60 cm-layer; and Pro- 
file 6, 68-90 cm layer — deviations from the 
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standard (Gedroyts' method) amounted to +8.4% 
and -8.7%, respectively. Deviations for other 
seven samples did not exceed +5%, i.e., they 
were within the limits of possible discrepancy 
when making two determinations of the same 
sample by the same method (solonetz, B hori- 
zon). 


Adsorption capacity of soil samples can be 
determined in one working day, as an average, 
when Pfefer's method is used. This is five to 
six times faster than Gedroyts' general method. 
The latter method, because of the time-con- 
suming process involved (1.0 N NaCl solution 
treatment of soil samples to achieve sodium 
saturation), requires at least 48 hours to pro- 
duce final results. Pfefer's method, on the 
other hand, produces them already on the next 
day. 


On the basis of our findings, we recommend 
Pfefer's method to be used for practical pur- 
poses because of the considerable speed and 
sufficient accuracy. 


Received July 5, 1959 


PHOSPHORUS IN SOIL 


Determination of total phosphorous content 


According to K.K. Gedroyts, Nissens' method 
.s the simplest and most dependable of the 
nany gravimetric and volumetric methods 
jJescribed in the literature (3), But Nissens' 
nethod has certain substantial defects, prin- 
sipally the following: 


1, The composition of the yellow phosphor- 
1s-molybdenum heteropoly-complex formed 
juring the analysis by the interaction between 
dhosphorus and molybdenum ions, is very 
variable. Its composition and rate of forma- 
sion depend to a great extent on the composi- 
sion of the soil extract, the temperature of 
drecipitation, the amount of phosphorus in the 
solution, and other factors (1, 3,4). This 
means that the accuracy of Nissens' method 

of determining total phosphorous content can 
9e assured only when many physiochemical 
‘actors are taken into consideration; this is 
very troublesome in large-scale soil analyses. 


2. Because of the large titration error, this 
method is not advised for determining small 
amounts (less than 1 mg) of phosphorus. 


3. This method is very tedious and con- 
sumes considerable quantities of time and 
materials. 


All of this prompted us to investigate the 
sossibility of using for this purpose a method 
of determining total phosphorous content which 
would be more convenient and free from the 
jefects of the known gravimetric and volu- 
metric methods. 


For this purpose we used a photometric 
nethod of phosphorous determination from the 
slue phosphorus-molybdenum heteropoly com- 
lex with sulphite and a salt of divalent iron as 
reducing agent (1,2).* This method makes it 
mnecessary to precipitate the phosphoric acid 
»ontained in the soil extracts. Thus, it as- 
sures more accuracy and greatly shortens the 
ime required for analysis by Nissens' method. 


The use of this method for determining total 
yhosphorus involves the following three opera- 


1This reducing agent is reeommended by the GOST 
331-43 for photometric determination of phosphorus 
n steel and cast iron. 


n the soil involves laborious chemical analyses. 
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A PHOTOMETRIC METHOD OF DETERMINING TOTAL 


M. L. TSAP and G. L. LINNIKOVA, Ukrainian Scientific-Research Institute of Farming 


tions: a) making the soil extract; b) preparing 
the extract for analysis; and c) photometry. 


The soil extract is prepared in the follow- 
ing way (with the commonly used method of 
"wet'' combustion of the soil sample). Ten 
grams of soil is sieved through a 1-mm open- 
ing sieve and placed in a 250 ml Kjeldahl flask, 
2 ml of sulfuric acid (specific gravity 1.84) and 
40 ml of nitric acid (specific gravity 1.40) are 
poured in slowly. The flask is then placed on 
a sand bath and the contents heated to slow 
boiling. At this temperature the ''wet'' com- 
bustion takes three hours. When the oxida- 
tion is finished, the contents are diluted with 
50 ml of hot distilled water and then filtered 
through a specially prepared double filter2 into 
a 250 ml volumetric flask. The residue on the 
filter is washed repeatedly with boiling dis- 
tilled water until all trivalent iron is gone 
(potassium thiocyanide test), At the same time 
the Kjeldahl flask is rinsed several times with 
small amounts of hot water until the test for 
trivalent iron is negative. All the rinses are 
added to the same volumetric flask. The con- 
tents of the flask are cooled to room tempera- 
ture and brought up to volume with distilled 
water. 


The following procedure is followed in pre- 
paring the soil extract for analysis. A 25 ml 
portion of the extract is transferred by a pipette 
into a 50 ml porcelain dish and evaporated under 
a hood to eliminate the nitric acid. The resi- 
due is wet with ten drops of concentrated sul- 
furic acid, and 8-10 ml of distilled water are 
added. The dish is then heated for 5-10 min- 
utes in a water bath to dissolve the residue 
more fully. The quantity of solution thus ob- 
tained is then transferred through a funnel into 
a 50 ml volumetric flask. The dish and the 
stirring rod used are rinsed with small portions 
of distilled water and the rinse water is added 
to the solution in the volumetric flask. The 
contents of the flask are brought up to volume 
with distilled water, shaken, and filtered. Two 
millimeters (or any other number) are added 


The filters are prepared by treating with 1% hy- 
drochloric acid (to eliminate substances soluble in 
the acid) and washed with distilled water until they 
show a negative reaction for chlorine ion (silver ni- 
trate test). 


M.L. TSAP AND G.L. LINNIKOVA 


with an accurately graduated pipette to a 50 ml 
Erlenmeyer flask. Four ml of a solution of 
iron-ammonium alum is added to the flask 
and then dilute ammonia (1:1) is introduced 
drop-by-drop until the iron hydroxide has | 
precipitated. The precipitate formed is dis- 
solved in a few drops of 4-N hydrochloric acid 
and a 2 ml excess of the latter is added, Then 
4 ml of a 20% sulfite solution is added and the 
contents are boiled for one minute to reduce 
the iron. During this process the yellow or 
yellow-cinnamon-brown color of the solution 
almost disappears. 


If, after heating, the solution retains a 
greenish-yellow color, this means that the 
iron has not been fully reduced because of 
excess acidity. In this case a few more milli- 
liters of the sulphite solution must be added 
and the solution heated. On the other hand, 
when there is not enough acid, the solution has 
a gold hue. To remove the color it is neces- 
sary to add a few more drops of 4N hydro- 
chloric acid and again heat to boiling. 


The solution is then cooled, and 6 ml of 4N 
hydrochloric acid is added. Then, while the 
flask is being shaken, 4 ml of a 5% solution of 
ammonium molybdate is added drop-by-drop. 
The solution is added quantitatively to a 50 
ml volumetric flask, the liquid in the flask 
is brought up to volume with distilled water, 
shaken, and is then ready for photometry. 


The ordinary method is followed in plotting 
the calibration graph for the relationship be- 
tween light absorption and P.O, concentration 
in the solutions studied (2). The control (""blank"’) 
solution contains all reagents involved except 
for the phosphorus being determined, 


The photometric analysis, that is, the 
measurement of the light absorption of the 
phosphorus-molybdenum blue heteropolyacid 
solutions under study, can be done with the 
SF-4 (max = 825 mj) spectrophotometer; 
the FM, FM-58, or FMS photometers, the 
FEK-M, FEK-N-57, or FEK-56 photoelectric 
colorimeters using red filters, 


Figure 1 presents a sample set of calibra- 
tion curves for phosphorus molybdenum 
heteropolyacid solutions reduced by sulphite 
and divalent iron salts. The curves were 
plotted from readings of an FEK-M photo- 
electric colorimeter. 


The readings of the photometric instrument 
are used to find the P,O, concentration in 50 
ml of solution on the calibration curve. The 
percentage content of P,O, in the soil is then 
calculated according to the following formula: 


x - 100 x c x 250 x 50 
x20x2x 


where X is the content of P,O, in the soil, in 
%; ¢ is the P,O, concentration, in mg per 50 
ml of analyzed solution, found on the graduated 
scale; 250 is the total volume of the initial soil 


=) 74515) 5 (O- 


3216g of iron-ammonium alum is dissolved in water 
with heating and 5 ml of concentrated hydrochloric 
acid is added. More water is added to make 1 liter, 
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1 ~~ 901 G02 003 004 005 006 Q07 008 0039 me 
P.O, in 50 ml 


Fig. 1. - Set of calibration curves for phos- 
phorus-molybdenum heteropolyacid solutions re- 
duced with sulphite and the divalent iron salt. 


] = thickness of the liquid layer in the cell, 
d= 20 mm; 2 - d = 50 mm. 


extract (Solution A), in ml; 50 is the volume 
of solution prepared for analysis (Solution B), 
in ml; 10 is the weight of the soil sample, in 
g; 25 is the volume of Solution A used for 
analysis, in ml; 2 is the volume of Solution 
B used for photometry, in ml; and 1000 is the 
ratio coefficient between mg and g. 


We made a comprative test of the suggested 
photometric method for determining the total 
content of phosphorus in the soil. A large 
number of samples from different kinds of 
soils were analyzed by this method and by 
Nissens' method. Some of the results are 
given in Table 1. 


The data show that the differences between 
the resu!ts of the two methods are insignificant, 
ranging mostly from 0% to 0.01% P,O,. On the 
strength of our findings we recommend that 
the photometric method of determining total 
soil phosphorus with sulphite and divalent iron 
salts as the reducing agent by adopted for prac- 
tical agricultural chemical studies, 


We have also checked the possibility of 
using a different reducing agent in this method 
-- hydrazine sulfate. One of the authors (5) 
had studied the reduction of the phosphorus- 
molybdenum heteropolycomplex with hydrazine 
sulfate previously. At present this reducing 
agent is being successfully used at the Ukrain- 
ian Scientific Research Institute of Farming for 
the large scale determination of available phos- 
phorus in the soil (6). 


The photometric method of total phosphorous 
determination using hydrazine sulfate consists 
essentially in the following operations: A 25- 
ml aliquot of a soil extract, obtained from the 
"wet'' combustion of a soil sample, is treated 
as described earlier. Two milliliters of the 
filtrate (or any convenient number) is placed 
with an accurately graduated pipette in a 50 
ml volumetric flask, and then are added 25-30 
ml of distilled water, 5 ml of 2.5% solution of 
ammonium molybdate in 10 N sulfuric acid, 
and 2 ml of a 1% solution of hydrazine sulfate, 
and the liquid is brought up to volume with 
distilled water and shaken. At the same time, 
to a second flask used as a control, we add 5 


DETERMINING TOTAL PHOSPHORUS 


Table 1 


Results of comparative tests of the photometric method for determining total phosphorus in soil 


ae 


P,O, content, % of soil weight 


Comma represents decimal point. 


Note: 


nl of molybdate solution and 5 ml of the hydra- 
ine sulfate solution. The liquid in the flask 

s brought up to volume with distilled water 

ind shaken, Both flasks are then put into a 

ot water bath for 20 minutes. During this 
ime, the blue phosphorus- molybdenum hetro- 
yolycomplex is formed in the first flask and the 
ree excess molybdenum is partially reduced 

o a yellow pentavalent molybdenum compound, 
n the flask containing the blank solution there 
s only a partial reduction of the molybdate to 
he yellow pentavalent molybdenum compound, 
Jence the blank solution assumes a yellow 
olor, and the solution being analyzed, a 
rellow-green. Then the flasks are cooled in 
old running water, brought up to volume with 
listilled water, shaken, and are then ready 

or photometry. The photometric procedure 
vas described earlier. The light-absorption 
ralues of the solutions being analyzed remain 
yractically unchanged for a considerable length 
f time. 
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: Photometric 

Soil Depth, cm Nissens' method sulphite Pare 

method and iron ENCE 
salt 

Red earth 27—37 0,130 0,136 +0, 006 
0,130 0,136 -+-0,006 
Brown earth — red earth O—10 On224 One +0,004 
0,214 0,219 +0 ,008 
Red earth O—10 0,085 0,075 —0,010 
0,084 0,075 —0,009 
Red earth O—10 0,105 0,110 -+-0,005 
0,105 0,410 +0,005 
5O0—60 0,075 0,073 —0,002 
0,076 0,074 —0,002 
Gray podzolized 0—10 0,047 0,046 —0,004 
; 0,047 0,046 —0,004 
Sod- weakly -podzolic 20 —30 0,024 0,030 --0,006 
0,025 0,040 +0,015 
Red earth O0—10 0,045 0,046 +0,001 
0,045 0,050 +0,005 
Yellow earth O—10 0,064 0,050 —0,011 

0,060 0,060 — 

32—42 0,025 0,025 — 
0,026 0,030 +0, 004 
85—95 0,064 0,060 —0,001 
0,064 0,050 —0,011 
Meadow podzolized O0—10 0,044 0,053 +0,009 
(),044 0,054 +0,010 
Deep, low-humus, Coarse, 0—20 0,110 0,130 +-0,020 
clay loam chernozem Ont 0,130 +0,018 
20—40 0), 100 0,105 +0,005 
0,104 0,105 +0,004 
0—20 0,102 0,104 —0,004 
0,103 0,100 —0,003 
20— 40 0,096 0,120 -+-0,024 
0,098 O) Ie +0,049 


A sample set of calibration curves for 
phosphorus-molybdenum heteropolyacid solu- 
tions reduced by hydrazine sulfate is given in 
Figure 2, 


It follows from the data of Figure 1 and 
Figure 2 that the reducing effect and photo- 
metric sensitivity are greater when hydrazine 
sulfate is used instead of sulphite and divalent 
iron salts, the sensitivity amounting to 0.001- 
0.002 mg P,O, per 50 ml of analyzed liquid. 4 


4K, Ye. Ginzburg (Pochvovedeniye, 1958, No. 2) 
came to the conclusion that the method of phosphor- 
ous determination using the blue molybdenum hetero- 
polycomplex is rather insensitive, when hydrazine 
sulfate is used. The data in our set of curves (Fig. 
2) and also the data from photometric studies cited 
by Ginzburg herself clearly show that this is an er- 
roneous conclusion. Ginzburg's assertion that the 

Footnote 4 continued on next page, 


M. L. TSAP AND G. L. LINNIKOVA 


Table 2 


Results of comparative tests of two modifications of the photometric method for determining 
total phosphorous content in soil 


P,O, content, in % ot soil weig 
determined by photometric 
method, employing: 
Soil epth, cm |--—— J i 
Sulphite and Hydrazine sags 
base ae eae Deviation 
aed. 
Dark gray podzolized 0—20 0,075 0,074 —0,004 
0,076 0,074 —0,002 
y 0—20 0,064 0,070 +0 ,006 
0,068 0,080 +0,012 
Podzolized chernozem 0— 20 0,098 0,100 +0 ,007 
0,104 0,100 —0,004 
vy 0—20 0,065 0,059 —0,006 
0,065 0,053 —0,012 
Sod-moderately gleyed 0—18 0,074 0,069 —0,002 
ORO 0,069 —0,003 
Sod-weakly podzolic 0—20 OF024 0,023 +0,902 
0,024 0,023 +-0,002 
Gray podzolized 0= 20 0,048 0,050 +0,002 
0,048 0,050 +0 ,002 
Sod-weakly podzolic 020 0,025 0,022 —0,003 
O02) 0,021 —0,004 
WU 21—37 0,034 0,022 —0,009 
0,031 0,022 —0,009 
Sod-moderately-podzolic, gleyed, O=20 0.044 0.030 —0,.014 
silty coarse clay loam 0.044 0030 —0 014 
Light-gray, podzolized, silty 0—20 0,039 0,025 —0,014 
sandy loam 0,039 0,025 —0,014 
Sod-moderately-podzolic clayey- O—20 0,018 0.016 =) (NO 
sandy 0,020 0,046 —0,004 
" 23—33 0,014 0,014 —0,003 
0,014 0,014 —0,003 
Shallow, calcareous, silty coarse 020) 0,085 0.073 = 5) (> 
loam clay chernozem 0,085 0074 Onde 
Meadow solonchak-like, silty O0—20 0,076 0,074 —0,005 
clay loam 0,076 0,074 OG 
Deep, low-humus, coarse cla’ a) 

loam chernozem ‘ a e ais oda mate 
NY 20—40 0,105 0,097 —0,008 
0,105 0,099 —0,006 
"i 0—20 0,101 0,110 +0 ,009 
0, 100 0,110 --0,010 
4 20—40 MALO) Oris —0,005 
ail Opeth —0,002 


Note: Comma represents decimal point. 


method cannot be used for large-scale analysis is 
invalidated by the fact that this has been done very 
successfully at the Ukrainian Scientific Research In- 
stitute for Agriculture, as well as by other scientific 
and experimental organizations during current exten- 
sive soil investigations in the Ukraine. 


In both cases the solutions are subject to Beer's 
law, i.e., there is a direct proportion between 
ea absorption and phosphorus concen- 
ration. 


The results of our comparative tests are 
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DETERMINING TOTAL PHOSPHORUS 


0 O01 002 Q03 004 005 006 O07 006 me’ 
P.O, in 50 ml 
Fig. 2. - Set of calibration curves for 


phosphorus-molybdenum heteropolyacid 
solutions reduced with hydrazine sulfate. 


] - thickness of the liquid layer in 


the cell, d= 5 mm; 2 - d = 10 mm; 
32 d= 20 m; 4 - d = 30 mm; 5-d = 
50 mm. 


‘iven in Table 2, 


These results permit us to recommend also 
hat the second variation of the photometric 
nethod (using hydrazine wattatel: should be 
sed to determine total phosphorous content 


n practical agricultural chemical soil analyses. 


30th variations of this method are being used 
t the Ukrainian Scientific Research Institute 
f Agricultural in the analysis of soil samples. 


The use of sulphite and divalent iron salts 
s the reducing agent should be preferred when 
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dealing with soils rich in iron (red earths, 
chestnut soils, and others), 
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A RAPID METHOD OF DETERMINING ADSORBED SODIUM AND 
POTASSIUM IN CALCAREOUS SOILS 


K. SH. SHATEMIROV, Chemical Institute, Academy of Sciences, Kirgiz SSR 


Many years of laboratory experience show 
that current methods of determining adsorbed 
sodium and potassium in calcareous soils are 
rather cumbersome and often produce conflict- 
ing results when used concurrently. 


Between 1949 and 1951 we developed a new 
method of determining adsorbed sodium and 
potassium incalcareous soils (1). Later this 
method was extensively checked on various 
samples of light and meadow sierozems from 
the Chuysk valley, Kirgiz SSR. We used this 
method to determine the solonetzization of 
loess-like materials and clays from certain 
deposits in Kirgizia. 


To check the accuracy of this method, re- 
sults were compared with those of the classi- 
cal zinc-uranyl acetate method. Description 
of our method is taken from a paper published 
in 1951 but reflecting certain improvements 
and changes introduced since that time, asa 
result of practical experience. 


Take about 5 g of soil and treat it in a por- 
celain dish with 0.2 N oxalic acid. The solu- 
tion should be used in aliquots of about 100 
ml each, Let the suspension in the disk stand 
for one or two hours, and then pour off the 
liquid through a funnel with filter. Repeat the 
operation until 500 ml of oxalic acid have been 
used, When the amount of adsorbed sodium and 
potassium is small, smaller soil samples can 
be used. These, in turn, will require cor- 
responding smaller amounts of the displacing 
agent (H,C,0,). Evaporate the acid extract in 
the porcelain dish, and then wash the dry resi- 
due from the porcelain dish with water into a 
platinum or nickel dish. Evaporate again to 
dryness in a water bath; then place the dish 
with the residue in a sant bath to remove the 
excess oxalic acid. Continue heating on the 
sand bath until there is no more evolution of 
white fumes, After driving off the excess 
H,C,0,, place the dish and contents into a 
muffle or crucible furnace and ignite at 450°- 
500°C for 2-2.5 hours, This is enough time 
to convert all alkaline and alkaline-earth metal 
oxalates to carbonates and the iron and alu- 
minum oxalates to oxides. In addition to iron 
and aluminum oxides, we also found in the 
ignited residue a small amount of magnesium 
oxide, but no calcium oxide. The MgO is the 
only compound present which easily dissolves 
in water (especially in cold water) Thus, in 
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treating the ignited oxalate residue with water 
free of CO,, magnesium oxide would partly 
dissolve with the carbonate salts of the alkali 
metals and be titrated with them. Entry of 
the magnesium oxide into the solution — treat 
the ignited residue of the oxalate extraction 

in the dish with a saturated solution of Mg(OH), 
in the cold and filter it into a measuring flask 
(200-500 ml) through a funnel with a dense 
filter.1 Check the extent of washing from the 
pH (Michaelis method). Filtration is discon- 
tinued when the pH of the filtrate corresponds 
to that of a saturated Mg(OH), solution. The 
filtrate in the volumetric flask is brought up 
to the mark by adding Mg(OH), solution, Pour 
50 ml from the volumetric flask into a beaker 
and titrate with 0.02N sulfuric acid anda 
methyl orange indicator until a pale pink 

color appears. At the same time an aliquot 

of the saturated Mg(OH), solution is titrated 
with the same acid. The amount of sodium 
and potassium contained in the filtrate sample 
is indicated by the difference in the amounts of 
acid used to titrate the filtrate obtained after 
treating the ignited residue with saturated Mg 
(OH), and the saturated Mg(OH), solution itself, 
On the basis of this the content of sodium and 
potassium can be converted to meq/100 g of 
soil. 


We compared the results obtained by our 
method with those by the methods of Gedroyts 
and Puri. The results obtained by the oxalic 
acid method in parallel determinations (titra- 
tions) occupy a middle position between the 
results produced by the other two. The same 
was true when all three methods were used in 
experiments with soils containing known 
amounts of adsorbed sodium, potassium, and 
magnesium (1), Since then our method has 
been repeatedly checked in the laboratories of 
the Chemical Institute, Academy of Sciences 
of the Kirgiz SSR and of the Land Development 
Administration of the Ministry of Agriculture 
of the Kirgiz SSR. Various soils, including 


| 


| 
i 
| 
i 
: 


loess-like clay loam, were used for this purpose 


The comparative data obtained by the three 
methods are given in Tables 1,2, and 3. Tablel 


‘The saturated Mg(OH), solution is prepared from 


chemically pure MgO and distilled water purified of 
CO, by precipitation and filtration, 


DETERMINING ADSORBED SODIUM AND POTASSIUM 


Table 1 


Content of absorbed sodium and potassium in samples of different soils from "Tamchi" 
sovkhoz expressed in meq/100 g of soila 


H,C,0, method Gedroyts 
Test [Profile F method 
Soil Depth, cm % 

No. No. P Volumet- Wines volumetric 
ric vari- | uranyl variant 


ant acetate 


6 18 | Light sierozem O0—20 10,23 10,95 10,90 
3 2 Northern light sierozem 19—23 Bie Cl De 

D 1 ~ 40—50 ARs) 2D 

7 118 a 109—119 2 ANS! 2 

4 18 Light sierozem 2—12 race 2 

8 32 Northern light sierozem 49—54 ail 4 
10 18 " 50—60 2,9 2, 


aThe data was obtained by A. Ya. Lukonin in the Soil Laboratory, Land Development Ad- 
ministration, Ministry of Agriculture, Kirgiz SSR. 
Note: Comma represents decimal point. 


Table 2 


Content of adsorbed sodium and potassium in meadow sierozems of Sokuluksk main station 
(profile 26), meq/100 g of soil 


H,C,0, method Gedroyts I| 

ethod, using|| Depth, 

zinc-uranyl cm 
acetate 


Volumet- 
ric vari- 
ant acetate 


Volumet- Zinc- 
ric vari- uranyl 
ant acetate 


zinc-uranyl 
acetate 


Dol 405—115 6,59 


2,93 
4°31 150-160 | 42,52 


Note: Comma represents decimal point. 


Table 3 


Content of adsorbed sodium and potassium in loess-like materials and clays of certain 
deposits in Kirgizia, expressed in meq/100 g of dry clay 


Siclett ae ae Gedroyts |Oxalic acid 

; metho métho , method | method 

Deposit (volumetric| (volumetric Deposit (volumetric (volumetric 
varient) | varient) varient) | varient) 


Kara-Su o.oo Minkraska 
Tokmak 2,84 Kol'tsovsk kaolin 
Osh 3,63 Leninpol' 
Kirovka Bn35 Kainda 


Note: Comma represents decimal point. 
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shows that the oxalic acid method deviates from 
the Gedroyts method by not more than +10%. 
Only in the case of an abnormally high com- 
bined total of sodium and potassium, Sample 
No. 8, was this discrepancy more substantial. 
As we established, the Gedroyts method usually 
tends to produce higher values (2). 


Table 2 shows comparative results by the 
oxalic acid method, when used for large-scale 
analyses. As compared to the standard zinc- 
uranyl acetate method, the range of deviations 
was +<9%. Table 2 also provides a compara- 
tive record of the amounts of sodium adsorbed 
when the soil was treated with oxalic acid and 
when the Gedroyts method was used. In both 
cases these amounts were determined by zinc- 
uranyl acetate. If the amount of sodium shown 
by the Gedroyts method is taken as 100%, then 
in most cases the relatiae error does not ex- 
ceed +1.2%. 


Table 3 shows that the two methods produced 
very similar results in loess-like materials 
and clays of Kirgizia. 
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On the basis of these facts, we recommend 
that this rapid and readily available oxalic 
acid method be employed by soil research 
laboratories. 


Received September 24, 1958 
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REVIEW 


THE TEACHING OF SOIL SCIENCE IN FORESTRY COLLEGES 
AND THE TEXTBOOK OF PROFESSOR A. A. RODE 


3. V. ZONN, V.N. SMIRNOV and A.A. MOLCHANOV 


For proper evaluation, A.A. Rode's major 
vork, entitled Soil Science, should be con- 
sidered from several viewpoints. First, it 
should be determined whether, as a textbook, 

t provides students with a comprehensive 
oresentation of the subject. Secondly, the book 
should be judged on its usefulness as a practi- 
sal scientific aid for soil scientists, silvicul- 
urists and other specialists who need to in- 
srease their professional knowledge. Thirdly, 
it would be important to see how fully this book 
-overs modern progress in soil science and 
heir practical application in silviculture, 


In our opinion, before considering these 
hhree aspects, we should take a look at the pres- 
ent situation in the teaching of forest soil sci- 
ance courses and problems involved. Rode's 
900k has a direct bearing on these problems. 


At present forestry college curricula allo- 
vate 178 hours to the teaching of soil science, 
ncluding the principles of geology. Soil science 
yroper receives about 130-140 hours of this 
ime. This is barely enough for a somewhat 
sketchy presentation of the principles of soil 
science and some aspects of the soil-forest 
-elationship. 


This is presumably because the problems of 
;oil-forest relationships and interaction are 
ncluded in another course, "silviculture, "' 
lowever, it should be noted that even in the 
atest silvicultural textbooks these problems 
re not presented in the light of modern theo- 
‘etical and practical achievements. As a re- 
ult, there is a tendency to underestimate 
he effects of soil conditions on forest growth 
nd productivity in solving practical silvicultur- 
l problems. It would be sufficient to point 
ut that some current silvicultural books as- 
ert that 'the forest is the cause and result 
f the podzolization. "' Such ideas on soil- 
orest interaction processes are, on our opin- 
on, directly related to the insufficient atten- 
ion given to this subject in colleges. Another 
ontributing factor here is the extremely rapid 
ace of development and specialization in this 
ield of science. So much new data and mater- 
41 have been accumulated that it is practically 
mpossible to summarize them within the limits 
f silvicultural courses, 


We think that it is high time, therefore, to 
reate a separate course encompassing scien- 
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tific knowledge pertaining to soil-forest rela- 
tions and interaction. It should be taught to 
students who have completed a course in soil 
science principles. Actually, this new course 
should be a presentation of forest soil science 
based on general soil science, dendrology, 
climatology, microbiology, plant physiology 
and other related scientific subjects. 


Owing to successful studies of soil-forest 
inter-relation problems by our scientists 
during the last two or three decades, Soviet 
forest soil science occupies a leading position 
in the world, Our principles of studying these 
problems have been adopted and developed in 
many countries of Europe, Asia, and America, 
In our colleges, therefore, this branch of soil 
science must be raised to an appropriately high 
level. If it should be difficult at this time to 
introduce a separate course, then we should 
think in terms of increasing the number of 
hours allocated to the soil science course, so 
that soil-forest relations could be included, 
Except for a lecture series by G.N. Vysotskiy 
entitled "On forest matters" and designed for 
advanced soil-science students, there have 
been no attempts made in our country to initiate 
such a broadened course. 


We cannot help but notice that universities 
and technical institutes in East and West Ger- 
many have in their forestry schools separate 
departments of forest soil science and forest 
ecology. One of their tasks is to teach courses 
in soil science, forest soil science, and forest 
ecology (soil science is a prerequisite), as well 
as to conduct corresponding research, Already 
the second edition of S.A. Wilde's monograph 
Forest Soils has been published in the USA. 
This book represents an interesting attempt to 
summarize a great amount of material, ob- 
tained primarily in Western Europe, and its 
contents amount to a course in forest soil 
science, It would be easier to consider proper- 
ly and evaluate A.A. Rode's work, Soil Science 
in the light of these facts. aM Ss 


The book is based on the latest data on soil 
science and thus provides the reader with an 
opportunity to learn more about modern scien- 
tific achievements and to approach debatable 
and still unsolved problems critically. The 
book emphasizes forestry by discussing not 
only soil science principles, but also special 
problems of forest soil science. Thus, the 


S. V. ZONN, ET. AL. 


chapter on soil organic matter includes a 
special review of forest soil organic matter. 
By the same token, the chapter on soil erosion 
gives a considerable amount of attention to the 
role played by forests in controlling soil ero- 
sion. Special chapters are devoted to the hydro- 
logical effects of the forest and the interchange 
of mineral substances between soil and vege- 
tation (primarily forest vegetation). Soil fer- 
tility is discussed mostly in terms of its rela- 
tion to trees found in our forests. When de- 
scribing the main soil groups, the author 
makes at least brief reference to their forest- 
growing properties, 


In this way the author succeeds in combining 
general soil science with special problems of 
forest soil science, It is worth noting that 
the chapters dealing with general aspects of 
soil science are very comprehensive and so 
arranged as to prepose the reader gradually 
to cope with more complex processes of soil 
formation, development of different soil 
groups and their geographic distribution, The 
author made the right decision in first provid- 
ing only general ideas on specific soil features 
and properties and later developing and dis- 
cussing them in more detail. Thus, for in- 
stance, on page 56 Rode gives a brief idea of 
the soil profile. He then proceeds to discuss 
morphological features and on page 70 returns 
once again to soil profile, but this time in 
much more detail, Finally, he returns to this 
topic again in discussing the soil formation 
process, He briefly reminds the reader that 
the solum is made up of genetic horizons, 


In our opinion, this is a good teaching meth- 
od. It makes the reader seek a deeper under- 
standing of specific problems and return to 
them when his general knowledge of the subject 
has been increased, 


Repetition is an effective teaching method, 
too. Rather than repeat definitions or explana- 
tions, the author often refers the reader to 
earlier chapters of the book. And by going 
over the material seen earlier, the reader 
gains a better understanding of the whole sub- 
ject. 


Thus, it is quite clear that Rode's book Soil 
Science not only contains up-to-date material 
on the main theoretical and practical achieve- 
ments of soil science, but also meets the re- 
quirements of a comprehensive textbook, 


All of this has been already said in a more 
detailed review by N.L. Blagovidov.1 the 
reason we decided to do it again, is another, 
and more recent, review of this book by S. A. 
Zolotarev.“ Unlike Blagovidov, Zolotarev was 
favorably impressed by hardly anything in 
Rode's work. In his opinion, Rode's attempt 
to produce a useful textbook was a complete 
failure, However, Zolotarey himself fails to 


‘Pochvovedeniye, IDS, NO, &, 


one Zolotarev, ''An unsuccessful manual on Soil 
Science for forestry colleges." Nauchn. dokl, 
vysshey shkoly, Biologicheskiye nauki, No. 1, 1959. 
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specify even one substantial defect of this book, 
In fact, his evaluation of this work written by 

a highly-qualified specialist cannot be called 
either objective or unbiased. Witness, for 
instance, the following remarks from his re- 
view: "It is obvious that the sentence cited 
lacks logic and clarity, '' "extremely inaccur - 
ate, '' "poor thinking, "' "illogical combination 
of conflicting ideas, "' "personal fabrications, "' 
"failed to do the job of the textbook-writing. "' 


Zolotorev believes that the textbook contains 
too many repetitions and that "a considerable 
part of the text is made up of such expressions 
as; 'as we already know’, etc." It is quite ob- 
vious that Zolotorev is simply suffering from 
hyperbolism. Should his assertion about the 
abundance of parenthetic phrases be true, 
there would not be much point in producing 
such a meaningless textbook and, subsequently, 
not much interest on the part of any publisher 
to publish it. As we have already demonstrated, 
what the book actually has are not merely rep- 
etitions, but rather devices for a gradual de- 
velopment of one or another concept in ac- 
cordance with progressive teaching methods. 


Such are, in essence, the main general de- 
fects of the book, as alleged by Zolotarev. 


According to him, the main methodological 
defect of the book is the absence of a definition 
of the basic principle of modern soil science, 
namely: "'...soil formation is by its nature a 
biological process and soil represents a medi- 
um in which a two-way process of transforma- 
tion — the synthesis and decomposition of or- 
ganic matter -- takes place." Then the pro- 
ceeds to consider five pairs of opposite phen- 
omena, pointed out by Rode, and reproaches 
the author for not having identified the main 
pair. Disregarding Zolotarev's ridiculous 
grammatical construction in the sentence quoted 
let us just say that it would be quite inadequate 
and confusing simply to declare that soil for- 
mation is a biological process, without using 
my supporting factual evidence. It would be 
equally wrong to declare that soil formation 
is determined by the synthesis and decomposi- 
tion of organic matter alone, while ignoring 
all other factors. 


Let us see what Rode has to say about this, 
On pages 292-293 he wrote that among the 
soil forming factors are flora and faunna, 
parent materials, etc. And also that: "Vege- 
tation — which causes the biological migration 
and accumulation of ash materials, creates 
organic matter, and brings about its decompo- 
sition (micro-organisms) — is the main force 
in the soil formation process," On pages 334- 
484 Rode again emphasizes the importance of 
the biological factor. It is rather strange that 
Zolotarev did not notice this and, instead, 
managed to see a contradiction in Rode's be- 
lief that the soil formation process is affected 
by all factors which Dokuchayevy called "soil- 
forming factors." Zolotarev also finds a 
contradiction in Rode's remarks about the ex- 
treme importance of climate in the soil forma- 
tion process, It seems that, according to him, 
Rode should have put vegetation first in all 
instances, This means that Zolotarev cannot 
see the difference between soil formation and 
geographic soil distribution, Hardly anybody 


utside himself would deny that geographic soil 
istribution depends first of all on climate and 
elief, while the other factors play a subordin- 
te role. Vegetation itself depends on climate, 
thile relief has a decisive effect on the redis- 
ribution of heat and moisture, which are im- 
ortant conditions in soil distribution. 


Other remarks by Zolotarev are of the same 
ype. It is very regrettable, for instance, 
hat he was not able to comprehend Dokuchayev's 
‘efinition of soil given by Rode on page 9 of his 
00k. Dokuchayev was attaching a special im- 
vortance to the effects of vegetation on soil de- 
relopment, when he wrote that the term "soil" 
should refer to the exposed horizons or the ad- 
acent rock strata as modified by the interaction 
f "water, air, am various organisms — liv- 
ng and dead."’' Somehow or other Zolotarev 
nterpreted this to mean that Dokuchayev did 
1ot recognize the leading role played by or- 
janisms in the soil formation process, Such 
1 revision of Dokuchayev's concepts, dis- 
-ouraging the biological approach to soil sci- 
nce, deserves to be refuted. 


This would have been sufficient for a criti- 
jue of Zolotarev's arguments against the text- 
00k had he not made it his review certain 
yersonal charges against Rode, accusing the 
atter of being incompetent. Let us consider 
ust one of these changes. In his book Rode 
stated that the main reasons for weathering 
~ minerals are the internal properties of 
ninerals, in particular, their tendency to 
ncrease in volume or, as it were, to loosen 
heir framework. He then explained that 
his tendency alone is not enough and that 
ertain outside forces, contained in surround- 
ng natural substances, are needed. All this 
s stated in plain language and leaves no room 
or any misinterpretation. Yet, Zolotarev 
nanaged to see here some sort of contradic- 
ion. 


Others of Zolotarev's remarks are very 
imilar and the apparent reason for them seems 
o be his ignorance of modern achievements in 
oil science, geology and mineralogy. 
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TEACHING OF SOIL SCIENCE 


We have pointed out the merits of A. A. 
Rode's work as a textbook for forestry-col- 
lege students. In conclusion, we would like 
to evaluate it also from the two other view- 
points mentioned at the beginning of this re- 
view. 


Is this textbook useful for soil scientists 
and specialists in related fields? The answer 
to this question is an unconditional "yes, '' be- 
cause Rode's work summarizes the latest data 
on the hydrological importance of forest vege- 
tation and on other problems. Otherwise these 
data can be found only by looking through many 
different original sources, 


Each chapter of the book contains an exten- 
sive bibliographical list for the benefit of 
readers who might like to get more informa- 
tion concerning specific topics. Now for the 
last question ''Does the book fully cover modern 
achievements in general and forest soil science?"' 
Here we must admit that the book falls short of 
the mark. While soil science principles are 
presented at the modern level of knowledge, 
many problems of forest soil science, except- 
ing those that pertain to the hydrological role 
of the forest, do not receive enough attention. 


But this fact should not be blamed on the 
author, who had to comply with the program 
adopted by the USSR Ministry for Higher Edu- 
cation and who was also limited to the agreed 
size of the written work. 


We would only like to express our hope that 
the author should be able to include more ma- 
terial of this nature in the second edition of 
his otherwise very successful work. And 
that it is a very successful work is quite 
evident despite Zolotarev's review, which 
was, to say the least, unsuccessful, The 
following facts speak for themselves: The 
textbook is being used not only by forestry 
colleges but has also been recommended by 
a number of universities (in particular, by 
the Geography Department of Moscow State 
University). It has been translated into Chinese 
and enjoys popularity in other countries, 


ne eS Se 


BIBLIOGRAPHY 


ee ee i oe) ie Se ee 


FACTORS OF SOIL FORMATION, GENESIS, 
AND SOIL GEOGRAPHY 


1. (No author given), 1959. Agricultural and 
climatic reference book for Kurgan- 
skaya Oblast’. Ural'skoye upravleniye 
Gidrometeorol. sluzhb. Sverdlovsk. 
Gidrometeorol. observatoriya. Lenin- 
grad. Gidrometeoizdat. 11 pp. with maps. 


) 
° 


ASADOV, A.N. 1959. Physico-geographi- 
cal characteristics and regionalization of 


Northeastern Azerbaydzhan. Author's sum- 


mary of a dissertation for the candidate's 
degree in geography. Azerbaydzhanskiy 
gosudarstvenyy universitet. Baku. 15 pp. 


BABAYEV, G.G. 1959. Soils of the Zange- 
lanskiy rayon Azerb. SSR. and their agri- 
cultural utilization, Author's summary 
of the dissertation for the candidate's de- 
gree in agricultural sciences. Sev. - 
osetinskiy sel'skokhozyaystvennyy insti- 
tut. Baku. Izdatel'stvo Akad. nauk 
Azerb. SSR. 23 pp. 


(St) 
° 


4, BAYRAKTARI, F. 1959. Peculiarities in 
the soil formation of western Albanian 
soils and techniques for increasing their 
fertility. Author's summary of the dis- 
sertation for the candidate's degree in 
agricultural sciences, Moskovskaya sel'- 
skokhozyaystvennaya akademiya im. 
Timiryazeva. Moscow. 19 pp. 


5. BAKASTOV, S.S. 1959. Ground-water 
regime in the adjacent zone of the Rybin- 
skoye Reservoir, Byulleteh instituta bio- 
logii vodokhranilishch. Akad. nauk SSSR. 
No. 4. pp. 49-54 with maps. 


6. BARATOV, P. 1959, Physico-geographic 
regionalization of the Zeravshan mountain 
valley. Uchen. zap. Tashkent, ped. in- 
stitut No. 18. pp. 73-108, with maps. 
Bibliog., pp. 107-108, 


7. BAKHAREVA, A. F, 1959, 
Kurganskaya Oblast’. Edited by K. P. 
Gorshenin. Kurganskaya Journal: 
"Krasnyy Kurgan,"' 153 pp. with illustr. ; 
2 maps. Bibliog., 61 refs, 


Soils of the 


8. VINOKUROV, M.A., R.K. DAUTOV and 
A.V. KOLOSKOVA. 1959. Effect of field 
forest shelter-belts. Kazan’, Tatknigo- 
izdat. 142 pp. with illustr. Bibliog. , pp. 


10. 


Wil 


12. 


13. 


14 


15 


16 


WN 


° 


136-141. 


. VOLGODZHANINA, T.V. 1959. Dark- 


colored soils of the Kungursko-Krasnou- 
fimskaya forested steppe. Author's sum- 
mary of the dissertation for the candi- 
date's degree in agricultural sciences. 
Permskiy gosudarstvennyy sel'skokho- 
zyaystvennyy institut Perm, 24 pp. 


(No author given), 1959. Geomorphology 
of Azerbaijan SSR. Baku. Izdatel'stvo 
Akad, nauk Azerb, SSR. 371 pp. with 
illustr. and maps. Bibliog., pp. 359- 
369. 


(No author given), 1959. Ground waters of 
the Lower Dnester Region. Akad, nauk 
SSSR Moldavskiy filial. Moscow. Izda- 
tel'stvo Akad, nauk SSSR. 163 pp. with 
illustr. and maps. Bibliog., pp. 157- 
161, 


DEMINA, V.V. 1959. Use of aerial photog- 

raphy data in compiling special maps. 
Geodeziya i Kartografiya. No. 8. pp. 50- 
5 


DIMO, N.A. 1958. Moldavian soils; tasks 
involved in studying them and principal 
characteristics. Kishinev. 28 pp. (In 
Moldavian). 


DZHUMAYEV, O.M. 1959. Takyrs of the 
Turkmenskaya SSR. Turkmenskiy gos- 
udarstvennyy universitet. Uchen, Zap. 
No. 9, pt. 2. Ashkhabad, 111 pp. with 
illustr. Bibliog., 96 refs. 


YEGOROV, S.V. 1959. Hydrology of the 
Kazakhstan part of the Western Siberian 
lowland, Author's summary of the dis- 
sertation for the candidate's degree in 
geological and mineralogical sciences. 
VSEGEI. Ministerstvo geologii i okhrany 
nedr, SSSR Leningrad. 26 pp. 


ZABOYEVA, I. V. and V.A. POPOV. 1959. 
Characteristics of the soils of the western 
and northern sectors of the Troitsko- 
Pechorskiy rayon, Komi ASSR. Izvestiya 
Komi filiala Vsesoyuznogo geografiches- 
kogo obshchestva. No. 5. pp. 73-86. 
Bibliog. , 11 refs. 


ZELIONKA, L.P. 1959. Excessively wet 
lands of Litovskaya SSR, extent and 


ro 


BIBLIOGRAPHY 


classification. Author's summary of the 
dissertation for the candidate's degree in 
agricultural sciences. Litovskaya sel'- 
skokhozyaystvennaya akademiya. Kanuas 
31 pp. Bibliog., 11 refs. 


IVANOV, G.I. 1959. Soil conditions in re- 
gions of abundant wild ginseng in southern 
Primor'ya. In the book: Soil-geographic 
investigations and use of aerial survey 
photographs in soil mapping. Akad. nauk, 
SSSR. Pochvennyy institut im. Dokucha- 
yeva, Moscow. Izdatel'stvo Akad. nauk 


SSSR. pp. 172-216 with illustr. Bibliog. , 


pp. 213-216. 


KARIYEV, M.V. 1959. Certain problems 
in the physico-geographic characteristics 
of the Chimganka River valley. Uchen 
Zap. Tashkentskiy pedagogicheskiy insti- 
tut, No. 18. pp. 29-49, with maps, 
Bibliog., 21 refs. ‘ 


KAURICHEV, P.S. and N. I, BELOVA. 
1959. Several philosophical problems 
on the theory of soil formation. Izvesti- 
ya Timiryazevskoy sel'skokhozyay- 
stvennoy akademii. No. 4. pp. 63-74. 
Bibliog., p. 74. 


KOVALEV, R.V. 1959. Soils of the Len- 
koranskaya Oblast'. Author's summary 
of the dissertation for the Doctor's de- 
gree in agricultural sciences. Poch- 
vennyy institut im. Dokuchayeva, Akad. 
nauk SSSR. Novosibirsk. 41 pp. 


. KOVDA, V.A. 1959. Sketches of the na- 


ture and soil of China. Moscow. Izda- 
tel'stvo Akad, nauk SSSR. 454 pp. with 
illustr. including one colored plate: Soil 
Map of the Chinese People's Republic, 
scale = 1:10,000,000. Bibliog., pp. 
449-454, 


LESHCHINSKIY, G.T. 1959. Runoff from 
Takyrs and Takyr-like waterways of the 
Karakum desert. Author's summary of 
the dissertation for the candidate's de- 
gree in geography. Institut geografii 
Akad. nauk SSSR. Ashkhabad, 24 pp. 


LITYANU, EMIL’'. 1959. Map of the 
quaternary deposits of the non-Carpathian 
sector of the Rumanian People's Republic. 
Doklady na Vsesoyuznom soveshchanii po 
izucheniyu chetvertichnogo perioda. May 
1957. Byulleten' Komissiii po izucheniyu 
chetvertichnogo perioda. No. 23. pp. 
17-34 with tables and maps. Bibliog. , 
pp. 33-34. 


. LUSHNIKOV, YE. A. 1959. Hydrogeologi- 


cal regionalization of the Bashkir ASSR. 
Collection of scientific transactions. 
Permskiy gornyy institut No. 4. pp. 32- 
35 with maps. 


MALAKHOVA, V.M. and YE. K. REKSHI- 
YEV. 1959. Soils of the Zverevskiy 
sovkhoz, Irkutskiy rayon. Izvestiya 
Irkutskogo sel'skokhozyaystvennogo insti- 
tuta, No. 10. pp. 44-58, Bibliog., 8 
refs, 


215 


27. (No author given), 1959. Data on the veg- 
etation in deserts and low mountains of 
Central Asia. Collection of articles. 
Trudy instituta botaniki Akad. nauk 
Uzbekskaya SSR. Tashkent. No. 5. 
Izdatel'stvo Akad. nauk Uzbekskaya SSR. 
467 pp. with illustr. 


28. ORLOV, M.A. 1958. Oasis-cultivated 
soils or soils under cotton in Central 
Asia. Trudy Sredneaziatskogo univer- 
siteta. No. 138. Biologicheskiye nauki. 
Kn, 34. pp. 17-27. 


29. PETROV, V.V. 1959. Review of the data 
on the use of natural vegetation as indi- 
cators of soil conditions. Izvestiya 
Timiryazevskoy sel'skokhozyaystvennoy 
akademii. No. 4. pp. 75-84. Bibliog. , 
pp. 83-84, 


30. PETROV, M.P. 1959. A study of sand 
deserts and semi-deserts of the Chinese 
People's Republic with reference to their 
reclamation. Results of the work of the 
1957 and 1958 expeditions. Izvestiya 
Akad. nauk Turkmenskaya SSR. No. 3. 
pp. 73-81 with maps. 


31. (No author given), 1959. Soil and land 
reclamation characteristics of the south- 
ern part of the Zeysko-Bureinskoye inter- 
fluve. Collection of articles, N.A. 
Kachinskiy, editor-in-chief. Blagove- 
shchensk, Amurskoye knizhnoye izdatel'- 
stvo. 254 pp. with illustr. On the back 
the title: ''Soils of the Southern part of 
the Amurskaya Oblast’. "' 


32. (No author given), 1959. Soils of Bulgaria. 
I. P. Gerasimov, editor-in-chief. I. N. 
Antipov-Karatayev, K. Kh. Yenikov, and 
Ye. N. Tanov. Moscow. Izdatel'stvo 
Akad. nauk SSSR. 398 pp. with illustr. 
including one colored plate: Soil map of 
the Bulgarian People's Republic. Bibliog. , 
pp. 393-398. 


33. PREOBRAZHENSKIY, N. V. FADEYEVA, 
L. I. MUKHINA and G. M. TOMILOV. 
1959. Regional types and natural re- 
gionalization of Buryatskaya ASSR. 
Moscow. Izdatel'stvo Akad. nauk SSSR. 
218 pp. with illustr. 


34. MEYERIS, A. and B. BAGINSKAS. 1958. 
Soils of Litovskaya SSR. Ministerstvo 
Sel'skogo Khozyaystva Litovskoy SSR. 
Litovskiy nauchno-issledovatel'skiy 
institut zemledeliya Vil'nyus. Gaz. -zh. 
izd. 80 pp. with 2 maps plates. 


35. REVERA, O.Z. 1959. Hydrology of West- 
ern Poles'ye and Volynskaya elevation. 
Author's summary of the dissertation for 
the candidate's degree in geography. 
Kiyevskiy gosudarstvennyy universitet. 
Kiev. 15 pp. b 


36. ROMASHKEVICH, A.I. 1959. Genetic 
characteristics of brown mountain forest 
soils of Southeast Krasnodarskiy Kray. 
In the book: Soil-geographic studies and 
use of aerial photographs in mapping 
soils. Akad. nauk SSSR. Pochvennyy 


37. 


38. 


39, 


40. 


41, 


42, 


43. 


44, 


45, 


TSZYU, N.P. 1959, 


CHEREPANOVA, M.N. 


SHESTAKOV, I. L, 1959, 


BIBLIOGRARHY 


institut im. Dokuchayeva. Moscow. 
Izdatel'stvo Akad. nauk SSSR. pp. 217- 
282 with illustr. Bibliog., pp. 272-282. 


RUBTSOV, D.M. 1959. Soil of the new 
railway line-Mikun'-N. Vylib-Yertom. 
Izvestiya Komi filiala Vsesoyuznogo geo- 
graficheskogo obshchestva. No. 5. pp. 
87-100 with maps. Bibliog., 6 refs. 


SIMAKOVA, M.S. Soil mapping techniques 
in the Prikaspiyskaya lowland from aerial 
photography data. In the book: Soil-geo- 
graphic studies and use of aerial survey 
photographs in mapping soils. Akad. 
nauk SSSR. Pochvennyy institut im. 
Dokuchayeva. Moscow. Izdatel'stvo 
Akad. nauk SSSR. pp. 283-357 with il- 
lustrations including one table. Bibliog. , 
354-357. 


SLYUSARCHIK, E. 1959. Changes in the 
sod-podzolic silty clay loam soils during 
cultivation. Author's summary of the 
dissertation for the candidate's degree in 
Agricultural Sciences. Moskovskaya 
sel'skokhozyaystvennaya adademiya im. 
Timiryazeva Moscow. 18 pp. 


SPIRIDONOVA, A.I. 1959. Bases for the 
general methods used in geomorphologi- 
cal field studies. Part 2 edited by S. 
Shchukin. Moscow. Izd. geogr. fak. MGU. 
302 pp. with illustr. and 1 map plate (on 
rotaprint). 


TEGELEKOV, K. 1959. Formation of a 
red-colored stratum in Southwestern 
Turkmenistan, Izvestiya Akad. nauk 
Azerb. SSR. Ser. geol. -geograf, nauk, 
No: 3; pp. 11-16, Bibliog., 6 refs, 
Summary in Azerbaydzhan language. 


FAT'YANOV, A.S. 1959. Experimental 
analysis of the history of soil develop- 
ment in the Gor'kovskaya Oblast’. In 
the book: Soil-geographic studies and use 
of aerial survey photographs in mapping 
soils. Akad, nauk SSSR. Pochvennyy 
institut im. Dokuchayeva Moscow. Izda- 
tel'stvo Akad. nauk SSSR. pp. 3-171 with 
illustr. Bibliog., pp. 162-171, 


Sod-podzolic soils of 
of the Meshcherskaya lowland in the 
Ryazanskaya Oblast'. Author's summary 
of the dissertation for the candidate's de- 
gree in biological sciences, Moskovskiy 
gosudarstvennyy universitet. Biol- 
pochvennyy fakul'tet. Moscow. 19 pp. 


1959. Composi- 
tion and properties of carbonate soil for- 
mations in soils of different natural re- 
gions of the USSR. Author's summary of 
the dissertation for the candidate's degree 
in Agricultural Sciences, Moskovskaya 
Sel'skokhozyaystvennaya adademiya im, 
Timiryazeva, Moscow. 17 pp. 


Flood plain soils 
of small rivers in Moldavian SSR and their 
agricultural development. Trudy Poch- 
vennogo instituta. Moldavsk, filiala 
Akad. nauk SSSR. No, 2) pps 3-268 


216 


46. 


47. 


48. 


49, 


50. 


51, 


52. 


53. 


04, 


55. 


56. 


o7. 


08, 


Bibliog. , 9 refs. 


SHILOVA, YE.I. 1959. Present status on 
the problem of soil evolution and the 
methods used in its study. Report I. 
Vestnik Leningradskogo universiteta No, 
15, Ser. biol) No. 3 pp. 26=35: 
Bibliog., pp. 34-35. 


ANNE, F. et C. SCHENK. 1958. Etude 


pédologique d'une zone de la Hardt située | 


au sud de Neuf Brisach, — Bull. Assoc. 
franc. étude sol, N 4, pp. 150-155, 


BACHELIER, G. 1959. Etude pédologique 
des sols en Yaoundé. (Contribution a 
l'éatude de la pédogénése des sols fer- 
ralitiques). Agron. trop. 14, N 3, p. 
279-305, 


BONFILS, P. et J. FAURE. 1959. Les 
soles de la région de Thiés. B kh.: 
Annales du Centre de recherche agrono- 
miques de Bombey au Sénégal, Année, 
1956, Paris, p. 92. Bibl. 35 ref. 


COPPENET et SPAGNOL. Etude des sols 
derives schistes de Chateaulin et de 
Saint-L6. Bull. Assoc. franc. étude, 
Sols os IWS G= NGS, 


DESAUNETTES, J.R. 1958. Classifica- 
tion pratique des sols hydromorphes. 
Bull. Assoc, franc. étude sol. N 8, pp. 
396-411, ‘ 


DUPUIS, J. Apercu sur les sols du 
Centre - Ouest. -Ibid., pp. 430-445, 


FOX, L. 1954. Mapping soils in Alaska. 
Soil Conservat., vol. 4, N 8, pp. 184- 
187. 


MULLER, J. Etude pédologique de la ré- 
gion sinistrée de Montdauphin (Hautes 
Alpes), Bull. Assoc. france. étude sol. 
N 9, pp. 461-479, : 


Ontario and Yates Counties, New York, 


| 
: 


(Report by C.S. Pearson and M.G. Cline. 


Soils surveyed by W. Secor, J. K. Pasto. 
L.M. French (a. o.), Correlation by 
W.H. Lynford and M.C. Ylin. Washing- 
ton, U.S. Dep. of agric., 1958, 126 c) 
Coil survey ser. 1949, N 5, 


PECROT, A. et P. AVRIL. 1958, Les 
sols ardennais. IL Etude morphologique 
et génétique des sols hydromorphes as- 
sociés aux sols bruns acides et aux sols 
podzoliques du Plateau de Saint-Huburt. - 
Bull, Inst. agron. et stat. rech. Gem- 
bloux, t. 26, N 1-3. pp. 151-169. 


STRZEMSKI, M. 1958. Carbonate rendzi- 
nas in the Keletskoye Voyevodstvo, 
Warszawa, 115 pp. Polska Akad. Nauk, 
Wyd. Nauk. Rolniczych i Lesnych. Roc. 
Nauk Rolniczych. V. 81, Ser. 
Monografie. 


WHITESIDE, E.P. 1959. A proposed sys- 
tem of genetic soil-horizon designations. 
-Soils and Fertilizers, v. 22, Nt 


: 


BIBLIOGRAPHY 


SOIL MINERALOGY pp. 53-59, 

). GRIM, R. YE. 1959. Clay mineralogy. 70. NESTERENKO, I. M. 1959. Soil moisture 
Translated from English by B. B. Zvyagin and drainage standards. Izvestiya 
(and others). Foreward by V.A. Frank- Karel'sk. i Kol'sk. filialov Akad. nauk 
Kamenetskiy. Moscow. Izd. inostrannoy SSSR. No. 2. pp. 104-107. 
literatury. 452 pp. with illustr. 

71. PUSTOVOYT, S.N. 1958. Physical prop- 
erties of Takyrs and Takvr-like siero- 
zems of the Kyzyl-Arvatskiy rayon. 
Turkmenskaya SSR. Trudy Sredneazi- 
atskogo universiteta, No. 138. Biologi- 
cheskiye nauki. Kn. 34. pp. 29-67. 
Bibliog., 13 refs. 


). KOVALEV, G.A. and YU.S. D'YAKONOV. 
X-ray investigation of the kaolinite group 
of clay minerals. Zap. Vsesoyuznogo 
mineralogicheskogo obshchestva. Part 
38, No. 4. pp. 467-473 with tables. 
Bibliog. , 8 refs. 


. KRAVCHENKO-BEREZHNOY, R.A. and 72 
L. I. POLEZHAYEVA, 1959. A micro- regime and physical properties of soils 
spectrophotometer variant with an auto- on continuous clear-cuttings of Southern 
matic spectrum recording (for mineral Karelia. Trudy Karel'sk. filiala Akad. 
study). Izvestiya Karel'sk. i Kol'sk. nauk SSSR. No. 16, pp. 136-152, 
filialov Akad. nauk. SSSR. No. 2. pp. Bibliog. , pp. 151-152. 

66-72. Bibliog., 5 refs. 


PYATETSKIY, G. YE. 1959. The water 


. 


73, REVUT, I. 1959. Physics and agriculture. 
Nauka i peredovoy opyt v sel'skom 
khozyaystve, No. 8. pp. 52-56. 


/ CHANG, S.N. and G.K. LEE. 1958. Com- 
position of clay minerals in the main soil 
types of southern China. -Acta pedol. 
sinica, vol. 6, N 3, pp. 178-192. 74, SLASTIKHIN, V.V. 1959. Apparatus for 

determining the Hmax of surface flow. 

Trudy Pochvennogo instituta (Moldavskogo 

filiala Akad, Nauk SSSR). 


» MACEWAN, D.M.C. and A.R. AMIL. 
1959. Fourier transform methods for 
studying X-ray scattering from lamellar 
systems. III. Some calculated diffraction 75. CHAN'YUN'-SHEN. 1959. Oxygen in soil 
effects of practical importance in clay air and its effect on the properties of 
mineral studies. -Kolloid-Z. Bd. 162, sod-podzolic soil. Author's summary of 
Ht, 2, SS. 93-100. the dissertation for the candidate's de- 

gree in agricultural sciences. Moskov- 
skaya sel'skokhozyaystvennaya akademiya 
im. Timiryazeva. 22 pp. 
PHYSICAL PROPERTIES OF SOILS 
AND METHODS OF INVESTIGATION 76. SHVETS, M. YE. 1959. Problem of esti- 
mating in advance relative humidity. 
Trudy Glavnoy geofizicheskoy obwerva- 


. ANANYAN, V.L. 1959. Beta-radioactivity 
torii, No. 81. pp. 3-12. 


in Armenian soils-Doklady. (Akad, nauk 
Armyanskaya SSR) 28, No. 5. pp. 217- 
221. Bibliog., 10 refs. Summary in 77. YUNUSOV, L. YU., and K.S. AKHMEDOV. 
Armenian, 1959. Water intake by the takyrs of Turk- 
menskaya SSR. Doklady Akad, nauk 
UzbekSSR. No. 8. pp. 37-39. Summary 


. ANDREYEV, B.V. 1959. Increasing water 
in Uzbek language. 


stability and lowering the degree of te- 
nacity of soil aggregates in solonetzes. 
Mater. Soveshchaniya po osvoyeniyu i 78. EHRENDERFER, K. 1959. Das Irrometer, 
okul'turivaniyu solontsov. Moscow. ein Bodenfeuchtemesser des Tensiome- 
Izdatel'stvo Ministerstva sel'skogo tertypes. Bodenkulter, Ausg. A, 10, Ht 
khozyaystva SSSR. 10 pp. Sasa oon biblasloncers, 


. GALSTYAN, A.SH. 1959. Fermentation 79, LEENHEER, L. 1958. de. Le probléme 
and intensive soil respiration. Doklady de la structure du sol et ses aspects 


Akad, nauk SSSR. 127(5)pp. 1099-1102. 
Bibliog. , 8 refs. 


. GARIFULLIN, F., A. DOBROV and G. 
RADTSEVA,. 1959. Effect of cultivation 
on the physical properties of gray forest 
soils. Sel'skoye khozyaystvo Bashkirii. 
No. 7. pp. 24-25. 


. KALASHNIKOV, A.I. 1959. Patterns of 
infiltration and soil desalinization during 
leaching. Sel'skoye khozyaystvo Uzbeki- 
stana. No. 7. pp. 34-42. 


, KIKIN, A., and YA. DENISYUK. 1959. 
Study of the physico-mechanical proper- 


ties of solonetz- soils of the Baraba zone. 


Sel'skoye khozyaystvo Sibiri. No. 9. 


pratiques. -Bull. Inst. agron. et stat. 
rech, Gembloux, t. 26, N 1-3, pp. 13- 
65. 


LEJEUNE, G. 1958. La détermination 
rapide de l'humidite des sols. Bull. as- 
soc. franc. étude sol, N 3, pp. 98-101. 


Soil and soil aggregate stabilization. A 
symposium presented at the 34th annual 
meeting. January 11-14, 1955. Wash- 
ington, 1955. VII, 175 pp. (Nat. Acad. 
Sci. Nat. research council. Publ. 359 
Highway research board. Bull., 108). 


VIGNERON, J. et J.R. DESAUNETTES. 
1958. Etablissement d'un indice de 
compacité, -Bull. Assoc. franc. étude 


83. 


84, 


85. 


86. 


87 


88. 


89. 


90. 


Hil. 


92. 


93. 


94, 


95. 


BIBLIOGRAPHY 


sol. N 4, pp. 172-182. 


WOODSIDE, W. and C. M.A. BROWN, 1959. 
de Heat transfer in a moist clay. -Soil 
Sci. vol. 87, N 3, pp. 166-173. 


The preservation of moisture and the pro- 
tection of soil in the loess region of the 
middle reaches of the Hwang-Ho River. 
Reference book and practical handbook. 
(in Chinese) 


SOIL CHEMISTRY AND METHODS 
OF INVESTIGATION 


ANTIPOV-KARATAYEV, I. N. 1959. 
Physicochemical studies with reference 
to reclaiming solonetzes. Mater. 
Soveshch. po osvoyeniyu i okul'turivaniyu 
solontsov. Moscow. Izdatel'stvo Minis- 
terstva Sel'skogo khozyaystva SSSR. 


12 pp. 


DUROV, S.A. 1959. The geometric method 
in hydrochemistry. Rostov on the Don. 
Knizhnoye Izd, 195 pp. with sketches. 
Bibliog., 135 refs, 


YEGOROV, N.P. andIA. KOVALEV. 
1959. Problem of determining alkali 
metals using the spectral method. Zhur- 
nal analiticheskoy khimii. 14(4) :489-490. 


LEVKINA, T.I. 1959. Nature of acidity in 
peat soils. Izvestiya Karel'sk. i Kol'sk. 
filialov Akad. nauk SSSR. No. 2, pp. 
100-103. Bibliog., 6 refs, 


NAGORNAYA, V.1I. 1958. Chemical char- 
acteristics of soils of the Messerianskaya 
plain, Trudy Sredneaziatskogo univers- 
iteta. No. 138. Biologicheskiye nauki. 
Kn, 34. pp. 69-94, Bibliog., 24 refs. 


PODGORNYY, L.N. 1959. The field 
method of ion exchange for determining 
sulfates in natural waters. Byulleten' 
Instituta biologii vodokhranilishch. Akad. 
Eee SSSR. No. 4. pp. 60-62. Bibliog. , 

refs, 


REZNIKOV, A.A. and I, YU. SOKOLOV. 
1959. Field laboratory for analyzing 
water when travelling on foot. Instruk- 
tsiya. Moscow. Gosgeoltekhizdat. 77 pp. 


TOROPKINA, A.L, 1959. Determining 
exchange potassium in sierozems, Sel'- 
skoye khozyaystvo Uzbekistana. No. 7. 
pp. 85-86, 


BETREMIEUX, R. et R. GRAS. 1958. Ac- 
tion de quelques matiéres organiques sur 
certains processus d'évolution des sols, - 
Bull. Assoc, franc. étude sol. N 9, pp. 
425-461, 


CRAVEN, B.R. and J.H. GREEN, 1959, 
Exchange capacities of some Sydney 
soils for strontium ions. Austral. J. 
NHL Sil, 5 WO, fo, MOVs) 


DUDINS, M.M. 1957. Colorimetric 


218 


96. 


Mle 


98. 


99. 


100. 


101. 


102. 


103, 


104, 


105. 


106, 


107, 


determination of boron incrops, soil and 
mineral fertilizers. Izvestiya Akad. nauk 
Latv. SSR. No. 1. pp. 41-53. 


GALLEGO, R. and T. JOLIN. 1959. 
Aportacion a la geoquimica del moli- 
bdeno. -3. Estudio de muestras de la 
zona norte de Espana. -An, edafol. y 
fisiol. veget. 17, N5, p. 439-55. 


NAIR, G.G.K. and B. V. MEHTA. 1959. 
Status of zinc in soils of Western India. 
Soil Sci., v. 87, N 3, pp. 155-159, 


SPENCER, K. 1958. Phosphorus in soils 
of the Murrumbidgee irrigation areas. 
New S. Wales. I. Melbourne, T. I. Crop 
responses, 12 (N I). 


SUSS, A. 1959. Eine Methode zur auto- 
radiographischen Untersuchung der 
Phosphorver-teilung im Boden, Natur- 
wissenschaften, Jg. 46, H. 4, SS. 146- 
147, 


LIVENS, J. 1959. Contribution 4 l'étude 
de l'azote minéralisable du sol. -Agri- 
cultura Louvain, 7 p. 27-44. Soils and 
Fertilizers N 4, p. 1511. 


WANG, C.C. 1958. a.o. A rapid semi- 
micro method for complete analysis of 
soils colloids (NF-HNO, method). By C. 
C. Wang, K.C. Chang and S. Vong. 
ee pedol, sinica, v. 6, N 3, pp. 205- 

08. 


BIOLOGY AND SOIL MICROBIOLOGY 


AVAYEV, M.G. 1959. Microbes and soil 
fertility. Biologiya v Shkole. No. 4. 
pp. 83-89. 


BELYAYEVA, K.V. 1959. Nematoda of 
the basic soil groups of Kara-Kalpakiya. 
Trudy Sredneaziatskogo universiteta. 

No. 123, Biol. nauki, Kn, 27. pp. 45-61. 
Bibliog. , 21 refs, 


GEL'TSER, F. YU. 1959. Soil humus 
formation under natural conditions. 
Zemledeliye, No. 9. pp. 57-63. 


DANILEVICH, V.M. and M.M. TSYBA. 
1959, Effect of different fertilizers on 
microflora of recently reclaimed peat 
soil of the transitional bog type in the 
Karel'skaya ASSR. Izvestiya Karel'sk. 
i Kol'sk. filialov Akad. Nauk SSSR. No. 
2, pp. 93-99. Bibliog., 13 refs. 


YELKINA, O.G. and YA. F. NIZAMETDI- 
NOVA. 1958. Microflora of the takyrs 
of the Messerianskaya Plain. Trudy 
Sredneaziatskogo universiteta. No, 138. 
Biol, nauki. kn. 34. pp. 95-109. 
Bibliog. , 26 refs, 


ZVYAGINTSEV, D.G. 1959. Micro- 
organism adsorption by soil particles. 
Author's summary of the dissertation 
for the candidate's degree in biological 
sciences, Moskovskiy gosudarstvennyy 


8. 


BIBLIOGRAPHY 


universitet Moscow. 20 pp. 


ZVYAGINTSEV, D.G. 1959. Activity of 
bacteria adsorbed by soil particles. 
MP enebicleet yas 28(4) :527-533. Bibliog., 
p. é 


. ILYALETDINOV, A.N. 1959. Availability 


of phosphoric acid with reference to mi- 
croorganism activity in phosphorite- 
manure composts. Trudy Instituta Mi- 
krobiologii i virusologii Akad. nauk 
Kazakhskaya SSR. Vol. 3. pp. 181-192. 
Bibliog., pp. 191-192. 


KLINTSARE, A. YA. 1959. Interrelation- 
ships between nodule-like bacteria and 
certain soil microorganism groups. Au- 
thor's summary of the dissertation for 
the candidate's degree in biological sci- 
ences. Latv. gosudarstvennyy univers- 
itet. Riga. 19 pp. 


KRASIL'NIKOV, N. A. and V. V. KOTELEV. 
1959, Phosphatase adsorption of soil 
microorganisms by corn roots. Mikro- 
biologiys 28(4):548-550. Bibliog., 8 
refs, 


MUSTAFOVA, N.N. 1959. Microbiologi- 
cal observations of spruce-barberry and 
and spruce-whortleberry in podzolic 
soils. Vestnik Leningradskogo univers- 
iteta No. 15. Ser. biol. No. 3. pp. 19- 
25.” Bibliog., p. 25. 


NAZAROVA, V.V., N. KIPRICH and G. 
BELOUS. 1958. Effect of bacterial 
fertilizers on corn yield. Nauch, trudy. 
Poltavskiy sel'skokhozyaystvennyy insti- 
tut 7(2):94-102. Last two authors not 
indicated in table of contents. 


NOVIKOVA, A.T. 1959. Effectiveness of 
phosphor-bacteria on soils of the Kusta- 
nayskaya Oblast', depending upon the 
cultivation method, Agrobiologiya, No. 
4, pp. 604-612. Bibliog., 16 refs. 


TEPLYAKOVA, Z.F. 1959. Aerobic mi- 
croorganisms and mobilization of organic 
matter in mountain and piedmont soils of 
Ketmen'skiy mountain range. Trudy 
Instituta mikrobiologii i virusologii Akad, 
nauk Kazakhskaya SSR. Vol. 3 pp. 193- 
204. Bibliog., pp. 203-204. 


. FEDOROV, M.V. and T.K. IL'INA. 1959. 


The stimulating effect of yeast autolyzate 
on the nitrogen fixation activity of soil 
actinomycetes. Mikrobiologiya. 
28(4):541-547. Bibliog., 6 refs. 


SHAMIS, D. L. and R.A. GALIMOVA. 1959. 
Microflora of irrigated sierozems under 
various cultivation methods. Second Re- 
port. Trudy Instituta mikrobiologii i 
virusologii Akad, nauk Kazakhskaya SSR. 
Vol. 3. pp. 179-180. 


BRUSEWITZ, G. 1959. Untersuchungen 
tiber den Einfluss des Regenwurms auf 
Zahl, Art und Leistungen von Mikro- 
organismen im Boden. Naturwissen- 
schaften, Jg. 46, H. 4, S. 155. 


119. 


120. 


121. 


122, 


123. 


124, 


125. 


126, 


127, 


128. 


129. 


130. 


131, 


132, 


133. 


219 


BURGES, A. 1958. Microorganisms in the 
soil. London, 188 p. 


DEUBERT, K.H. 1959. Uber die Bedeu- 
tung der Nematodenfauna ackerbaulich 
genutzter Boden. Zbl. Bakteriol. 112, 
s. 101-08. 


DIEST, A. VAN and C. A. BLACK, 1959, 
Soil organic phosphorus and plant growth. 
II. Organic phosphorus mineralized dur- 
ing InGuyeH Ou, -Soil Sci. v. 87, N 3. pp. 


DUTTA, N. and G.S. VENKATARAMAN, 
1958. An exploratory study of the algae 
of some cultivated and uncultivated soils. 
-Indian J. Agron., 3, p. 109-15. 


FRANZ, H. 1959. Das biologische 
Geschehén im Waldboden und seine 
Beeinflussung, durch die Kalkdiingung. - 
suo ee Forstzeitung 70, Fl. 15/16, s. 

78-81, 


GOFFART, H. 1959. Methoden zur 
Bodenuntersuchung auf nichtzystenbil- 
dende Nematoden. -Nachrichtenbl. dtsch. 
gy ea ce! Stuttgart, II, s. 49- 
54, 


HERVEY, R.J. 1959. Microbial popula- 
tions and organic matter transformations 
in Texas Blackland soil under constant 
temperature and regulated moisture, - 
Bacteriol. Proc., 25 


IVENGAR, M.R.S. and T.S. HORS. 1959, 
Nitrite oxidation by soil fungi. Naturwis- 
senschaften, Jr. 46, H. 6, S 211. 


IZAAK, ST. 1956. Study of soils and 
waters at the seas of the endemic disease 
Leptospirosis in the Tomashevskiy 
Uyezd. Ann. Univ. M. Curie-Sklodowska 
XI, No. 3, pp. 51-81, Bibliog. 


KATZNELSON, H. and B. BOSE. 1959. 
Metabolic activity and phosphatedissolv- 
ing capability of bacterial isolates from 
wheat roots, rhizosphere, and nonrhizo- 
sphere, Soil. Canad. J. Microbiol. 5, 
p. 79-85. 


MACURA, J. and L. PAVEL, 1959, The 
influence of montmorillonite on nitrogen 
fixation by Azotobacter. Folia Micro- 
biol., v. 4, N 2, pp. 82-90. 


MACURA, J. andI. MALEK. 1958, Con- 
tinuous-flow method for the study of mi- 
crobiological processes in soil samples. 
Nature, v. 182, N 4652, pp. 1796-1797. 


MEYER, D.R. and A.J. ANDERSON. 1958, 
Temperature and symbiotic nitrogen 
fixation. Nature, v. 183, N 4653, p. 61. 


MOORE, A.W. 1959. Mineralization of 
organic phosphorus in wet meadow soils. 
ASTON Meee Ven Ole Niwliaps) 09s 


The relation of Azotobacter to the root sys- 
tem of barley. By V. Vancura, J. 
Maepra, G. Fischer and J. Vondracek 


134, 


135. 


136. 


137. 


138. 


139. 


140. 


141, 


142, 


143. 


BIBLIOGRAPHY 


Folia Microbiol., v. 4, N 2, pp. 119-129. 


SCHWARTZ, W. und A. MULLER. 1953. 
Methoden der Geomikrobiologie. -Berlin, 
39, c. Freiberg Ferschungsh. C. 48. 


STRZELCZYK, ED. 1956, Effect of phos- 
phorite- mineral fertilizers on soil micro- 
flora. Ann, Univ. M. Curie-Skolodowska, 
E. 10(4):83-96. Bibliog. 


TYLER, K.B. 1959. a. o. Low-tempera- 
ture effects on nitrification in four Cali- 
fornia soils. By K.B. Tyler, F. E. 
Broadbent, and G.N. Hill. Soil Sci., v. 
87, N 3, pp. 123-129. 


SOIL FERTILITY, FERTILIZERS 
AND TILLAGE 


(No author given), 1959. Agrochemical 
research in Kaliningradskaya Oblast’. 
Collection of articles, Editor-in-chief 
I. V. Tyurin and A. V. Sokolov. Poch- 
vennyy institut im. Dokuchayeva. 
Moscow. Izdatel'stvo Akad. nauk SSSR. 
268 pp. with illustr. 


BABAYAN, G.B. 1959. A comparison and 
brief analysis of data on field vegetation 
experiments and chemical analysis of 
soils. Izvestiya (Akad. nauk Armyan- 
skaya SSR). Biol. nauki 12(7):79-83, 
Summary in Armenian. 


BALOBIN, V.N. 1958. Root system dis- 
tribution of apple trees on sod-podzolic 
soils with reference to orchard soil 
cultivation. Collection of transactions. 
Nauchno-issledovatel'skiy institut plodo- 
vodstva, ovoshchevodstva, i kartofelya. 
Akad. sel'skokhozyaystvennykh nauk SSR. 
No. 2. pp. 48-60. Bibliog., 15 refs. 


BOYKO, V., L. SUKHAREV and B, 
MOZGOVAYA. 1959. Manganese dis- 
tribution in soils plants and animal tis- 
sues. (Problem of the effectiveness of 
manganese fertilizers), Sel'skoye 
khozyaystvo Sibiri. No. 8. pp. 80-82. 


BULGAKOV, N.P., I. I. VATSEZEROVA 
and YA.N. OSTROVSKIY. 1959. Liming 
soils with high acidity in Belorusskaya 
SSR. Minsk. Gosizdat BSSR. 111 pp. 
with illustr. In Byelorussian language. 


GOLETIANI, G.I. 1959. Effect of mineral 
fertilizers on the properties of red earths 
and the productivity of tea plantations. 
Author's summary of a dissertation for 
the Doctor's degree in Agricultural Sci- 
ences. Moskovskaya Sel'skokhozyaystven- 
ke akademiya im. Timiryazeva Moscow, 

pp. 


DALIN, A.D., A.D. CHERNENKOYV, I.G. 
OS'MAKOV and N.S. KARAVYANSKTY. 
1959. New techniques in cultivating soils 
of the non-chernozem zone for corn and 
edible root crops. Doklady Vesesoyuznoy 
akademii sel'skokhozyaystvennykh nauk. 
No. 8. pp. 45-48 


220 


144, 


145, 


146. 


147, 


148, 


149, 


150. 


151. 


152. 


UG}3}, 


154, 


155, 


DERGUNOV, I. D. 1959. Carbon and nitro- 
gen contents and fertility of light siero- 
zems of the Golodnaya Steppe as a func- 
tion of length of time of irrigation. Dok- 
lady Akad. nauk Uzbek SSR. No. 6, pp. 
40-43. Summary in the Uzbek language, 


ZHIZNEVSKAYA, G. YA. 1959. Effect of 
microelements (Cu, B, Mn, Zn and Mo) 
on biochemical characteristics and corn 
yield. Author's summary of the disserta- | 
tion for the Candidate's degree in biologi- 
cal sciences. Akad. nauk SSSR Botani- 
cheskiy institut im. Komarova, Riga. 


25 pp. 


KALASHNIKOV, K. 1959. Organomineral 
admixtures for spring wheat on acidic 
podzolic soils. Sel'skoye khozyaystvo 
Sibiri. No. 8. pp. 30-33. 


KASPIROV, A.I. 1959. Roots and stubble | 

of annual and perennial crops. Sel'skoye | 
khozyaystvo Sev. -Zap zony. No. 8. pp. | 
24-29 


KEREFOVA, M.K. 1958. Anatomical and 
physiological characteristics of certain 
commercial crops under various forms 
of soil salinization. Uchen, Zap. Kabard- 
Balkarsk. nauchno-issledovatel'skiy in- 


stitut Vol. 14. (Obl. 1959). pp. 215- 
246. Bibliog., pp. 245-246. 
KUDRYAVTSEVA, A.P. 1959. Effect of 


legume-grass admixtures on the nutrient 
regime of dark-gray forest soil. Author's 
summary of a dissertation for the Candi- 
date's degree in biological sciences, 
Kazanskiy gosudarstvennyy universitet. 
Kazan’. 18 pp. 


LUTKOVA, I. N. 1959. Role of the zinc 
electrode in cultivating soils by electri- 
cal current. Fiziologiya rasteniy 
6(4) :486-487. Bibliog., 12 refs. 


MAKODZEBA, I. A. and V.S. PODOPRI- 
GORA. 1959, Effect of basic soil culti- 
vation on salinization and corn yield. 
Vestnik sel'skokhozyaystvennoy nauki. 
No. 8. pp. 137-140. 


(No author given), 1959. Systematic in- : 
structions on a geographic system for 
experiments with fertilizers, 

VASKHNIL, VIUA Moscow. 40 pp. 


NOSOV, P. 1959, Phosphorous regime 
beneath winter crops mixed with plowed 
sod and by inverting the sod. Sel'skoye 
cae ee Sev. Kavkaza. No. 8. pp. 


ORLOV, V.M. 1959. Effectiveness of 
rolling soil under the dry conditions of 
the Aktyubinskaya Oblast'. Doklady 
Kazakhsk. akad. sel'skokhozyaystven- 
nykh nauk. No. 3. pp. 32-35. 


PEYVE, YA.V. 1959. Percentage of mi- 
croelements required for crops in USSR 
soils. Riga, Izdatel'stvo Akad. nauk 
Latv. SSR. 15 pp. In English, 


. PIROZHENKO, G.S. 1959. 


BIBLIOGRAPHY 


Organic matter 
accumulation under annual crops using 
various soil cultivation methods. Au- 
thor's summary of a dissertation for the 
candidate's degree in Agricultural Sci- 
ences, Ukrainskiy nauchno-issledo- 
vatel'skiy institut fiziologii. 23 pp. 


RADOV, A.S. 1959. Fertility of light 
chestnut solonetz-like soils of the Stalin- 
gradskaya Oblast' and effectiveness of 
fertilizers. Mater. Soveshch. po osvo- 
yeniyu i okul'turivaniyu solontsoy. 
Moscow. Izdatel'stvo Ministerstva sel'- 
skogo khozyaystva SSSR. 8 pp. 

RATNER, YE.P. 1958. Plant nutrition 
and root system activity. Akad. nauk 
SSSR. Institut fiziologii rasteniy. Timi- 
ryazevskiye chteniya 16. Moscow. 
Izdatel'stvo Akad. nauk SSSR. 104 pp. 
with illustr. Bibliog., pp. 94-103. 


RESHETNIKOV, F.I. 1959. Methods of 
increasing the thickness of the plowed 
layer of irrigated sierozems. Author's 
summary of a dissertation for the candi- 
date's degree in Agricultural Sciences. 
Uzbekskaya akademiya sel'skokho- 
zyaystvennykh naul. Tashkent. Sel'- 
skokhozyaystvennyy institut Tashkent, 


22 pp. 


. RYZHOV, S.N. and K.B. SAAKYANTS. 


1958. Change in the chemical and physi- 
cal properties of sierozems affected by 
cultivation. Trudy Sredneaziatskogo 
universiteta. No, 138. Biol. nauki. Kn. 
34, pp. 3-15. 


SDOBNIKOV, S.S. and V. B. BEREZINSKIY. 
1958. Economic feasibility of various 
methods of cultivating new lands. Dok- 
lady Kazakhsk, akademii sel'skokho- 
zyaystvennykh nauk. No. 3. pp. 74-82. 
Abstract in Kazakhstan language. 


FOULKNER, E. 1959. Plowman's folly. 
(Soil cultivation. Translated from 
English, foreward and edit by P. A. 
Yakhtenfel'd. Moscow. Sel'khozgiz. 
302 pp. 


CHASOVENNAYA, A.A. 1959. Crop inter- 
ference with organic matter accumulated 
in their rhizospheres. Vestnik Lenin- 
gradskogo universiteta No. 15. Ser. 
biol. No. 3. pp. 5-18. Bibliog., pp. 
17-18. 


CHUB, M.V. 1958. Change in several 
physicochemical and water properties of 
Chernozems in Southern Ukraine during 
irrigation, Nauch. trudy (Poltavskiy 
sel'skokhozyaystvennyy institut). 
7(2):117-139, with tables. Bibliog., 12 
refs. 


CHULTUROV, SH. M. and K.A. BAYTKA- 
NOV. 1958. Dynamics of the nutrient 
regime of southern carbonate Chernozems 
after reclaiming virgin land. Vestnik 
sel'skokhozyaystvennykh nauk Alma-Ata. 
No. 11. pp. 87-114. Abstract in Kaza- 
khstan language. Bibliog., 23 refs. 


166. 


GK 


168. 


169. 


170. 


ilt(Ske 


172, 


173. 


174, 


175, 


176. 


fe 


178. 


iB); 


SHOPKHOYEV, S.P. 1959. Nitrate regime 
of leached chernozems of the Stavropol'- 
skoye plateau under basic field crops. 
Author's summary of a dissertation for 
the candidate's degree in agricultural 
sciences, Stavropol'skiy sel'skokhozyay- 
stvennyy institut. Stavropol', 18 pp. 


SHUSTOV, V.A. 1958. Effect of electric 
current in soil on intake of traced (la- 
belled) phosphorus in crops. Zap. Lenin- 
gradskogo sel'skokhozyaystvennogo insti- 
tuta. No. 73, Mekhanizatsiya i elektri- 
fikatsiya sel'skogo khozyaystva. Sbornik. 
13. pp. 380-382. 


ACHTNICH, W. 1959. Wasserverbrauch 
und Wasserbedarf der Pflanzen-Wasser 
und Boden, Jg. II, Ht. 2, SS, 32-34, 


BAKER, A.S. and R. L. COOK. 1959. 
Greenhouse studies on alfalfa with soil 
type, soil reaction and borax fertiliza- 
tion as variables. Agron. J., vol. 51, 
N1, pp. 1-4. 


BARBER, S.A. Relation of fertilizer 
placement to nutrient uptake and crop 
yield: II. Effects of row potassium, 
potassium soil-level, and precipitation, 
Thidy., Ne2, pp. 97-992 


BHANGOO, M.S. and F.W. SMITH. 1959. 
Characterization of nutrient supplies in 
certain Kansas soils. Indian J. Agron., 
3, N 3. p. 182-93. Bibliog., 26 refs. 


BIRCH, W.R. 1959. High altitude by 
agronomy in Kenya. I. Observations on 
climate and soil. E. Afric. Agric. J. 
25, N1, p. 35-41 Bibliog., 14 tit. 


BOTTINI, E. and E. MORRA DI LAVRI- 
ANO. 1959. Factors increasing the nu- 
trient value of finely ground natural 

hosphates. Ann. sperim agrar. 13 
ee s.), p. 83-98. 


BURSCHEL, P. and V.H. FREED. 1959. 
The decomposition of herbicides in soils. 
-Weeds, 7, p. 157-161. 


BURSVINE, J.R. 1957. A critical review 
of the techniques for testing insecticides, 
London, 208 p. Bibliog., 551 tit. 


CHAPMAN, H.D. 1959. The cultivation of 
citrus. 3. The fertilization of citrus 
soils. World Crops, II, N17. p. 251-55, 
Bibliog. , 13 tit. 


COIC, Y. 1958. La nutrition et la fertili- 
sation azotée. Bull. Assoc. franc. étude 
sol. NII pp. 567-583. 


DAS, A.C. and J.H. WESTERN. 1959. 
The effect of inorganic manures, mois- 
ture and inoculation on the incidence of 
root disease caused by Rhizoctonia 
solani Kuhn in cultivated soil, Ann. 
Appl. Biol., 47, p. 37-48. 


DENNISON, E.B. 1959. The maintenance 
of soil fertility in the Southern Guinea 
zone of Northern Nigeria, -Trop. Agric. , 


BIBLIOGRAPHY 


SOs Neds Deel lL Os bibliog wo tit, 

180. DHEIN, A. 1959, Zur Frage der Stallmi- 
stwirkung. -Z. Acker. -und Pflanzenbau, 
108, s. 103-113. 

181, DOLL, E.C. 1959. a. o. Effect of rate 
and frequency of potash additions on pas- 
ture yield and potassium uptake, By 
E.C. Doll, A. L. Hatfield and J.R. Todd. 
Agron, vol, ol, Nise pp. 21—29. 

182. DOMSCH, M. 1959. Einige Fragen zur 
Bearbeitung schwerer Béden im Rahmen 
der mechanischen Feldwirtschaft. Dtsch. 
Landwirtsch., 10, Ht. 9, s. 437-444 
Bibliog. , 27 tit. 

183. DUCHON, F. and J. HAMPL. 1959. 
Agrochemie, Praga, 420c. Bibl. 602, tit. 


FLETCHER, W.A. 1959. Citrus orchard 
nutrition and soil management. -J. Agric. 
ING: Zon Dy IN I, Tas WSL. 


184, 


185. FORESTIER, J. 1959. Fertilité des sols 
des cafeiéres en République Centrafri- 
caine, Agron. trop., 14, N 3, p 306-48, 
Fibl. 13 ref, 

186, HUFFAKER, R.D. and A. WALLACE. 
1959. Variation in root cation exchange 
capacity within plant species., Agron, J 
Wo ils IN 25, joy alPs0). 


Os) 


187, HUFFAKER, R.C. and A. WALLACE. 
1959. Sodium absorption by different 
plant species at different potassium 
levels, Soil Sci., v. 87, N. 3, pp. 130- 

188. Influence of calcium in plant uptake of Sr- 
90 and stable srontium By E. M. Romney, 
G.V. Alexander, W. A. Rhoads, and 
K.M. Larson. Ibid. pp. 160-165, 


JORDAN, H.V. 1959. a. oth. Sulfur con- 
tent of rainwater and' atmosphere in 
Southern States as related to crop needs, 
U.S.D.A. Techn, Bull. , 1196, 16 pp. 


KREEB, K. 1959. Die Bodenversalzung 
als ein stérender Faktor bei Feldver- 
suchen und ihre Bedeutug fiir Keimung 
Wachstum und Ertrag, Ber, Dtsch. bot. 
GEE 5 WP, Gy IPS-Sy7, 


189, 


190, 


191, PRESTON, A.A. 1959, "Soil produced" 
supperphosphates. Agric, Chemicals, 


Wo J IN iyo, 28, aie 


192, JOHANSON, O. 1959. On sulfur problems 
in Swedish agriculture, K, LantbrHogsk, 


Ann. , 25, p. 57-169, 


193, WALKER, T.W. 1959. a.o. Studies on 
soil organic matter: 3, Accumulation 
of carbon, nitrogen, sulfur, organic and 
total phosphorus in improved grassland 
soils. By T.W. Walker, B.K, Thapa 
and A. F,R. Adams, Soil Sci. v. 87, N 3 
pp. 135-140, 


222 


SOIL MELIORATION 

194. AKIMTSEV, V.V. 1959. Importance of 
sulfate rocks in reclaiming solonetzes, 
Mater. Soveshch. po osvoyeniyu i okul'- 
turivaniyu solontsov. Moscow. Izda- 
tel'stvo Ministerstva sel'skogo khozyay- 
stva, SSSR. 7 pp. 

195. BALYABO, N.K. 1959. Differentiating 
the methods of reclaiming solonetz soils 
and methods for qualitative calculation, 
Mater. Soveshch. po. osvoyeniyu i 
okul'turivaniyu solontsoy. Moscow. | 
Izdatel'stvo Ministerstva sel'skogo 
khozyaystva SSSR. 10 pp. | 


196. BOL'SHAKOV, A. F. 1959. Preliminary 
results of work of the Dzhanibekskiy 
Station, Academy of Sciences, USSR, on 
reclaiming solonchak-like solonetzes in 
the Northwest Prikaspiyskaya lowland. 
Mater. Soveshch. po osvoyeniyu i okul'- 
turivaniyu solontsov. Moscow. Izda- 
tel'stvo Ministerstva sel'skogo khozyay- 
stva SSSR. 10 pp. 


BOTOV, T.G, 1959. New methods and 
equipment for basically improving solo- 
netz soils, Mater. Soveshch. po osvo- 
yeniyu i okul'turivaniyu solontsoyv. 
Moscow. Izdatel'stvo Ministerstva 
Sel'skogo Khozyaystva SSSR. 8 pp. 


VADYUNINA, A. F. 1959. Chemical and 
biological reclamation of solonetzes of 
Yergeney. Mater. Soveshch. po osvo- 
yeniyu i okul'turivaniyu solontsov. 
Moscow. Izdatel'stvo Ministerstva Sel'- 
skogo Khozyaystva SSSR. 13 pp. 


(No author given), 1959. Effect of irriga- 
tion on ground-water regime. Sbornik 2. 
Editor-in-chief A. N. Kotyakov and V., T. 
Turchinovich. Moscow. Izdatel'stvo 
Akad. nauk SSSR. 215 pp. with diagrams, 


IT 


198. 


199% 


200. VNUCHKOV, V.V. 1959. Sub-surface ir- _ 


rigation in Central Fergana. Sel'skoye — 
eee Uzbekistana, No. 6. pp. : 


201, 


GORSHENIN, K.P. 1959. Solonetz com- 


; 


plexes of Western Siberia and methods 
used to improve and reclaim them. 
Mater. Soveshch. po Osvoyeniyu i okul'- 
turivaniyu solontsov. Moscow. Izda- 
tel'stvo Ministerstva sel'skogo khozyay- 
stva SSSR. 10 pp, 


GRINCHENKO, A.M. and V.A. PELIPETS 
1959, Ways of increasing fertility of 
solonetz soils of the Ukrainian forested 
steppe. Mater. Soveshch. po osvoyeniyu 
i okul'turivaniyu solontsoy. Moscow. 
Izdatel'stvo Ministerstva sel'skogo kho- 
zyaystva SSSR. 8 pp. 


GUTINA, B.S. 1959. Effectiveness of 
meliorative three-layer plowing on solo- 
netz complexes of the Povolzh'ye under 
dry farming conditions. Mater. Sove- 
shch. po osvoyeniyu i okul'turivaniyu 
solontsov. Moscow. Izdatel'stvo Minis- 
terstva sel'skogo khozyaystva SSSR. 10 


202, 


203, 


, 


BIBLIOGRAPHY 


LARININ, V.N. 1959. Reclamation of peat- 
bog soils by wooden trough drainage in 
Southern Karel'skaya ASSR. (From prac- 
tices used by the sovkhoz im. Zaytseva, 
Pryazhinskiy rayon), Trudy Karel'skogo 
ale Akad. nauk SSSR. No. 21. pp. 36- 


LEGOSTAYEV, V.M. 1959. Problem of 
meliorative measures in the KaraKum 
canal zone and Murgab River basin. 
Sel'skoye khozyaystvo Turkmenistana. 
No. 3. pp. 15-20, 


LEGOSTAYEV, V.M. 1959. Reclamation 
of salinized lands. Tashkent. Soyuz 
NIKHi. Gosizdat, Uzbekskaya SSR. 154 
pp. with illustr. 


LEONT'YEV, A. A., A.M. KOKSHAROVA, 
A.M. STEPANOVA and others. 1959, 
New methods of anchoring and afforesting 
sands of Central Asia. Trudy Sredneazi- 
atskogo nauchno-issledovatel'skogo insti- 
tuta lesnogo khozyaystva. No. 6, Tash- 
kent. 63 pp. 


MARENKIN, F.S. 1959. Effect of sewage 
irrigation of fields on rich fodder crop 
yield. Trudy Moskovskoy Sel'skokho- 
zyaystvennoy Opytnoy stantsii. No. 3. 
pp. 115-124, 


(No author given), 1959. Land reclamation 
measures and utilization of drainage and 
irrigation systems within kolkhozes and 
sovkhozes of Leningradskaya Oblast' for 
1959. Sev. Nauchno-issledovatel'skiy 
institut gidrotekhniki i melioratsii. 
Leningrad, Lenizdat. 63 pp. with illustr. 


(No author given), 1959. Reclaiming bogs 
and mineral waterlogged land. Bibliogr. 
ukazatel', Rosgiprovodkhoz. Gos. n. 
b-ka. Ministerstva vysshego obrazova- 
niya. Part 2, (Compiled by V.A. Zverev) 
Moscow. 156 pp. 


MOZHEYKO, A.M. 1959. Potassium 
chloride as a means of basic improve- 
ment of solonetzes. Mater. Soveshch. 
po osvoyeniyu i okul'turivaniyu solontsov. 
Moscow. Izdatel'stvo Ministerstva Sel'- 
skogo khozyaystva SSSR. 11 pp. 


’ MOCHUL'SKIY, S. 1959. Experiment in 


reclaiming solonetzes in the Stalingrad- 
skaya Oblast'. Mater. Soveshch. po 
osvoyeniyu i okul'turivaniyu solontsov. 
Moscow. Izdatel'stvo Ministerstva Sel'- 
skogo khozyaystva SSSR. 8 pp. 


NESTERENKO, I. M. and V.A. Rozin. 
1959. Problem of reclaiming the Olonet- 
skaya plain of Karel'skaya ASSR by closed 
drains, Trudy Karel'skogo filiala Akad. 
nauk SSSR. No. 21. pp. 52-60. 


-NOVIKOVA, A.V. 1959. Means of cultivat- 


ing solonetz soils of Krymskaya Oblast’ 

in the next seven years. Mater. Soveshch. 
po osvoyeniyu i okul'turivaniyu solontsov. 
Moscow. Izdatel'stvo Ministerstva Sel'- 
skogo khozyaystva SSSR. 10 pp. 


223 


215. 


216, 


217. 


218. 


219. 


220. 


221. 


222, 


223, 


224 


OBORIN, A.N. 1959. Experiment in chemi- 
cal melioration and cultivation of solo- 
netzes in the Zaural'ye forested steppe 
under nonirrigated agricultural condi- 
tions. Mater. Soveshch. po osvoyeniyu i 
okul'turivaniyu solontsov. Moscow. 
Izdatel'stvo Ministerstva sel'skogo 
khozyaystva SSSR. 19 pp. 


OBORIN, A. I. and V.I. KOZHIN. 1959. 
Improvement and utilization of solonetzes 
and solonchak-like soils of the Zaural'ye 
forested steppe. Chelyabinsk. Kn. izd. 
72 pp. with illustr. and maps. 


ORLOVA, M.A. 1959. Soil-melioration 
conditions of the present-day Syr-Dar'ya 
delta (Kazalinskaya). Author's summary 
of a dissertation for the candidate's de- 
gree in agricultural sciences. Kazakhskiy 
gosudarstvennyy universitet. Bibl. pochv. 
fak. Alma-Ata. 25 pp. 


ORLOVSKIY, N.V. 1959. Principal means 
of reclaiming and cultivating salinized 
soils in Western Siberia and Northern 
Kazakhstan. Mater. Soveshch. po osvo- 
yeniyu i okul'turivaniyu solontsov. 
Moscow. Ministerstvo sel'skogo kho- 
zyaystva. SSSR. 10 pp. 


PANIN, P.S. 1959. Problem of salt move- 
ment in the leached layer of salinized soil. 
Doklady Akad. nauk Azerb. SSSR. 
15(6):515-519,. Abstract in Azerbaijan. 


PROSTAKOV, P. YE. 1959. Dynamics of 
solonetzization in soils subjected to ir- 
rigation. Mater. Soveshch. po osvo- 
yeniyu i okul'turivaniyu solontsov. 
Moscow. Ministerstvo sel'skogo kho- 
zyaystva SSSR. 11 pp. 


RASULOV, A.M. 1959. Reclamation ex- 
periment in irrigating solonchaks of 
Central Fergana. Author's summary of 
a dissertation for the candidate's degree 
in biological sciences. Akad, nauk Uzbek 
SSR. Institut pochvovedeniya. Tashkent. 


19 pp. 


(No author given), 1959. Handbook on soil 
melioration and management research 
for setting up plans to drain and agricul- 
turally reclaim bog and waterlogged soils. 
Ministerstvo sel'skogo khozyaystva 
RSFSR. 'Rosgiprovodkhoz.'' (Compiled 
by V.N. Shrag) Moscow. Izdatel'stvo 
Ministerstva sel'skogo khozyaystva 
RSFSR. 83 pp. with illustr. 


SMIRNOVA, L.G. 1959. Experimental ap- 
plication of deep leaching for reclaiming 
salinized soils of the Alazanskaya Valley. 
Author's summary of a dissertation for 
the candidate's degree in agricultural 
sciences. Gruz. sel'skokhozyaystvenyy 
institut. Tbilisi. Izdatel'stvo Akad. 
nauk GruzSSR. 21 pp. with maps. 


(No author given), 1959. Conference on 
reclaiming and cultivating solonetzes. 
Stalingrad, Iyun' 1959, Obzor raboty. 
Udobreniye i urozhay. No. 9. page 63. 


BIBLIOGRAPHY 


TURBIN, A.G. 1958. 
ing temporary irrigators with compact 
subsoil. 
nauki. Alma-Ata. No. 12. pp. 30-36. 
Abstract in Kazakhstan language. 


225. 


226. 
in improving the microclimate southern 
cities, Uchen. Zap. Tashkentskiy Peda- 
gogicheskiy institut No. 18. pp. 51-57. 
Bibliog., 7 refs. 

227. CHESNYAK, G. YA. 1959. Change in the 
water-salt regime of dark chestnut soils 
of Southern Ukraine under irrigated con- 
ditions. 


tural sciences, 
zyaystvennyy institut im, Dokuchayeva. 
Khar'koy. 24 pp. 

228. SHKLYAR, F.T. 1959. Improving the 
water-air and nutrient regime of peat 
soils and increasing agricultural crop 
yield as affected by aerated mole drain- 
age. 
for the candidate's degree in agricultural 
sciences, Ukrainskaya akademiya sel'- 
skokhozyaystvennykh nauk Kiyev. 16 pp. 


SHUBIN, V.F. 1959. Reclaiming solonetz 
complexes to increase forage production. 
Mater. Soveshch, po osvoyeniyu i okul'- 
turivaniyu solontsov. Moscow. Izdatel'- 
stvo Ministerstva Sel'skogo khozyaystva 
SSSR. 7 pp. 


229, 


230. (No author given), 1959. Experimental- 
theoretical bases for mechanizing bog 
and waterlogged soil drainage processes, 
Edited by M. Ye. Matsepuro, Akademiya 
Sel'sko khozyaystvennykh nauk BSSR. 
Minsk, Izdatel'stvo Akad. nauk BSSR. 


ee pp. with illustr. Bibliog., pp. 312- 


CARBONNIERES, N.R. 1958. L'irrigation 
du Bas-Rho6ne et du Languedo-Bull. As- 
soc. franc etude sol., N 4, pp. 190-199. 


DARLOT, M. 1958. Les techniques 
modernes d'irrigation. Bull. Assoc. 
frang. etude sol., N 3, pp. 130-140. 


HUTTER, W. 1959. 
des irrigations. 
Nord, N 086. p. 


232. 


233, Le sol et la pratique 


Rev. agric. Afrique 
555-559, : 


JARVIS, M.W. 1957. Subsoil drainage 


trial to heavy soils, J. Aric. 57, 
143-44, aa 


234, 


235. KALISVAART, C. 1958, Subirrigation in 


the Zuiderzee polders, Int. Inst. Land 
Reclam. Improv. Publ. 2, 55 pp. -Ref: 
Soils and Fertilizers, N 5, p. 1797, 
236. LEUE, P. 1959. Probleme und Perspec- 
tiven weiterer Meliorationsmassnahmen 
im Oderbruch Dtsch. Landwirtsch, LON 
Ht. 9, s. 444-48. Bibl. 18 tit. 


MONTANARI, V. 1959. Litirrigazione in 
oe Progr. Agric. 5, N 4, p. 407- 


237, 


224 


Experiment in shap- 


Vestnik Sel'skokhozyaystvennoy 


KHISAMOV, A.V. 1959. Several problems 


Author's summary of a disserta- 
tion for the candidate's degree in agricul- 
Khar'kovskiy sel'skokho- 


Author's summary of a dissertation 


238. 


239. 


240. 


241, 


242, 


243, 


244, 


245, 


246, 


247, 


248, 


249, 


250. 


251, 


SOMEREN, C.L. VAN. 1959. De antwik- 
keling van de technik van machinale drain: 
age. Landbouwkund. tijdschr., 71, N 12, 
s. 354-360. 

STER, A. 1958. 


Meliorace. Praha, 258c, 


SOIL EROSION AND CONSERVATION 


BRAUDE, I. D. 1959. Stabilizing and re- 
claiming gullies, ravines and steep 
slopes. Moscow. Sel'khozgiz. 283 pp, 
with illustr. and 2 map sheets. 


KAMAYEV, S.V. 1958. Characteristics 
of eroded dry land and irrigated typical - 
sierozems. Trudy Sredneaziatskogo 
universiteta No. 138. Biol. nauki, kn. 
34, pp. 111-125. Bibliog., 25 refs. 


| 
| 
| 


KRAVCHENKO, I. V. 1959. Salt dust 
storms. Review of published articles 
and notes. Priroda. No. 8. pp. 89-92, 
with maps. 


(No author given), 1959. Measures to con- 
trol soil erosion in Moldavia. Sb. statey. 
Byulleten' nauch, tekhn. informatsii. 
Ministerstvo sel'skogo khozyaystva 
Moldavskoy SSR. Kishinev, 65 pp. with 
illustr. 


PANOV, N. 1959. Let's intensify our soil 
erosion control measures. Sel'skoye 
Khozyaystvo Tatarii. No. 7. pp. 23-26, 


TIKHONOV, A.V. 1959. An all-round so- 
lution of the problem of controlling agri- 
cultural erosion on the Privolzhskaya 
elevation. Izv. Akad. nauk SSSR. Ser. 
geogr. No. 4. pp. 55-66. with maps. 
Bibliog. , pp. 65-66. 


; 
bi 
f 


CHZHAO, ZHUN-UY. 1959. Forest im- ; 
provement methods in controlling erosion 
in the region of the Kanevskiye disloca- 
tions. Author's summary of a disserta- 
tion for the candidate's degree in agricu 
tural sciences. Ukrainskaya Akademiy 
Sel'skokhozyaystvennykh nauk Kiyev. 20 
pp. 


BEUMANT, A.B. 1959. Suburban conser 
vation. A home gardener describes the 
soil and water conservation practices 
used on his suburban lot. Soil Conser 
We CAs, IN TS Toye, tee aaK0), 


BOYKIN, C.C. 1959. Evaluation of con- 
servation performance. J. Soil and 
elie Conservat., vol. 14, N1, pp. 12: 


CREPIL, N.S. 1959. Stripcropping for 
wind erosion control. Soil Conservat. , 
vol, 24, N7, pp. 153-156. 


DUK, D.C., VAN. 1959. Soil features in 
relation to erosional history in the vi- 
cinity of Canberra. C.S.I.R.O. (Aus- 
tralia) Soil Publ., 13. 44 pp. 


GIL, N. 1959. Soil conservation in Israeé 


BIBLIOGRAPHY 


J. Soil and Water Conservat., vol. 14, N 


1, pp. 26-28. 


TONDEUR, G. 1954, Erosion du sol spé- 
cialement au Congo Belge. 3e éd. 
Bruxelles-Léopoldville- Kalina. 


FOREST SOIL SCIENCE 


ADERIKHIN, T.G. 1959. Change in soils 
and in their adsorption capacity as af- 
fected by the forest and forest belts in 
the Central Chernozem zone. Nauch. 
Doklady vysshey shkoly. Biol. nauki. 
No. 2. pp. 180-185. Bibliog., 6 refs. 


VIZIR', A. P. 1958. Microflora of forest 
litter in oaks of the Black Forest. In the 
collection: Dubravy lesostepi (Deciduous 
trees of the forested steppe), Trudy In- 
stituta lesa Akad, nauk Ukrainskaya SSR. 
Vol. 7. pp. 84-91, Bibliog., 13 refs. 

In Ukrainian, Abstract in Russian. 


VERETENNIKOVA, A.V. 1959. Dynamics 
of the dying out and regeneration proces- 
ses in the root system of pine during 
temporary excess moisture in the soil. 
Izv. vyssh. ucheb. zavedeniy. Lesnoy 
Zh. No. 1. pp. 28-33. Bibliog., 5 refs, 


ZARUDNYY, YA.K. 1958. Methods of 
studying transpiration in oak plantations. 
In the collection: Dubravy lesostepi. 
(Deciduous trees of the forested steppe). 
Trudy Instituta lesa Akad. nauk, Ukrain- 
skaya SSR. Vol. 7. pp. 34-39, with il- 
lustr. Bibliog., 14 refs. In the Ukrain- 
ian language. Abstract in Russian. 


KOKHNO, N.A. 1958. Interrelationship 
among root systems of tree species in 
oak stand. In the collection: Dubravy 
lesostepi (Deciduous trees of the forested 
steppe). Trudy Instituta lesa Akad, nauk, 
Ukrainskaya SSR. Vol. 7. pp. 70-76, 
with illustr. Bibliog., 9 refs. In the 
Ukrainian language. Abstract in Russian, 


KULIKOV, YE. M. 1958. Prospects of 
field forest shelterbelt in the Yevrey- 
skaya Autonomous Oblast’, Khabarovskiy 
Kray. Trudy. Dal'nevost. filial im. 
Komarova, Akad, nauk SSSR. Ser. botan. 
Vol. 4, pp. 47-51. 


ORLOV, A. YA. 1959. Distribution of suc- 
tion roots in a stratum of excessively wet 
soils of spruce forests with reference to 


225 


aeration conditions. Byulleten' Moskoy- 
skogo obshichestva ispyt. prirody. Vol. 
64. Otd. biol. No. 1. pp. 78-89. 


260. ORFANITSKAYA, V.G. and YU.A. 


ORFANITSKIY. 1959. Change in the 
chemical properties of podzolic soils 
during mechanized trailing of felled 
trees. Izv. vyssh. ucheb. zavedeniy. 
Lesnoy zhurnal. No. 1. pp. 34-43. 
Bibliog., 10 refs. 


261. POGREBNYAK, P.S. and V.D. GOTSUL- 


YAK. 1958. Influence of the forest on 
chernozem fertility. In the collection: 
Dubravy lesostepi (Deciduous trees of 

the forested steppe). Trudy Instituta 

lesa Akad. nauk Ukrainskaya SSR. Vol. 7. 
pp. 50-58, Bibliog., 8 refs. In the 
Ukrainian language. Abstract in Russian. 


262. POGREBNYAK, P.S., A.S. SKORODUMOV, 


V. I. SLOVINOVSKITY and YA. K. ZARU- 
DNYY. 1958. Water regime of soils of 
the Black Forest. In the collection: 
Dubravy lesostepi (Deciduous trees of the 
forested steppe). Trudy Instituta lesa 
Akad. nauk Ukrainskaya SSR. Vol. 7. 
pp. 3-33, with illustr. Bibliog., 4 refs. 
In the Ukrainian language. Abstract in 
Russian. 


263. POKHITON, P.P. 1958. Decomposition 


rate of forest litter in the Black Forest. 
In the collection: Dubravy lesostepi 
(Deciduous trees of the forested steppe). 
Trudy Instituta lesa Akad. nauk Ukrain- 
skaya SSR. Vol. 7. pp. 59-69. Bibliog., 
23 refs, 


264. SAMTSEVICH, S.A. 1958. Root micro- 


flora in oaks of the forested steppe. In 
the collection: Dubrava lesostepi. 
(Deciduous trees of the forested steppe). 
Trudy Instituta lesa Akad. nauk Ukrain- 
skaya SSR. Vol. 7. pp. 77-83. Bibliog. 
4 refs. In the Ukrainian language. Ab- 
stract in Russian, 


~ 


265. SAMUSENKO, V.F. and S.SH. MALYAN- 


CHINOV. 1958. Soils of the spruce 
forest belt of Priissykkul'ye, based on 
the example of the Dzhelanda tract. 
Trudy Kirgizsk, lesnoy opytnoy stantsii. 
No. 1. pp. 7-41. Bibliog., 19 refs. 


266. KHARITONOV, G.A. 1959. Water regu- 


lating effect of forest plantings on water- 
sheds of hilly relief. Izv. vyssh. ucheb. 
zaved. Lesnoy Zhurnal, No. 1. pp. 3- 
11, with maps. 


AIBS Russian Monograph Translations 


he AIBS is in the process of expanding its Russian Translations Program extensively. Funds to subsidize 
anslation and publication of important Russian literature in biology have been obtained from the National 
cience Foundation, as part of a larger program to encourage the exchange of scientific information between 
e two countries. The following monographs have been published: 


rigins of Angiospermous Plants. By A. L. Takhtajan 
Edited by G. Ledyard Stebbins. Translated by Olga H. Gankin 
68 pp. [13 illustrations] 84% x 1034. $3.00, individuals and industrial libraries (U.S. & Canada) ; $2.00, 
AIBS members and all other libraries; $.50, additional, foreign. 


ssays on the Evolutionary Morphology of Plants. By A. L. Takhtajan 
Edited by G. Ledyard Stebbins. Translated by Olga H. Gankin : 
144 pp. [32 illustrations] 8% x 10%4. $5.00, individuals and industrial libraries (U.S. & Canada) ; $4.00, 
AIBS members and all other libraries; $.50, additional, foreign. 


roblems in the Classification of Antagonists of Actinomycetes. By G. F. Gause 
Edited by David Gottlieb. Translated by Fritz Danga 
165 pp. [18 illustrations] 7 x 10. $5.00, individuals and industrial libraries (U.S. & Canada) ; $4.00, 
AIBS members and all other libraries; $.50, additional, foreign. 


rachnida. Vol. IV, No. 2. Fauna of the U.S.S.R. By B. I. Pomerantzev. 
Edited by George Anastos. Translated by Alena Elbl. 
199 pp. [638 illustrations] 7 x 10. $10.00, individuals and industrial libraries (U.S. & Canada) ; $9.00, 
_AIBS members and all other libraries; $1.00, additional, foreign. 


rachnoidea. Vol. VI, No. 1. Fauna of the U.S.S.R. By A. A. Zachvatkin 
Translated and edited by A. Ratcliffe and A. M. Hughes 
567 pp. [705 illustrations] 7 x 10. $10.00, individuals and industrial libraries (U.S. & Canada) ; $9.00, 
AIBS members and all other libraries; $1.00, additional, foreign. 


larine Biology. Trudy Institute of, Oceanology. Vol. XX. Edited by B. N. Nikitin 
302 pp. [66 illustrations] 844 x 1034. $10.00, individuals and industrial libraries; (U.S. & Canada) ; $7.50, 
AIBS members and all other libraries; $1.00, additional, foreign. 


lants and Xrays. By L. P. Breslavets 
Editor of English Edition: Arnold H. Sparrow 


115 pp. [26 illustrations] 7 x 10. $5.00, individuals and industrial libraries (U.S. & Canada); $4.00, 
AIBS members and all other libraries; $.50, additional, foreign. 


or orders and a FREE copy of our Publications Catalog listing all AIBS Publications, write to: 


AMERICAN INSTITUTE OF BIOLOGICAL SCIENCES 
2000 P Street, N.W. Washington 6, D.C. 


‘AGRONOMY SEMINAR 


‘TRANSLATIONS OF 
RUSSIAN BIOLOGICAL JOURNALS 


The American ynstitute of Biological Sciences, under a grant from the National Science 
Foundation, is currently translating and publishing seven Russian research journals in biology. 
DOKLADY: BIOLOGICAL SCIENCES SECTION 


6 issues per year. First issues published: 1957, Vols. 112-117. Current issues published: 
1960, Vols. 130-135. 


Subscriptions: 
$20.00 per year, individuals and indus- $2.50 additional to each price, foreign 
trial libraries (U.S.A. & Canada) .- $4.00 each, single copies 


$15.00 per year, AIBS members and all 
other libraries 


DOKLADY: BOTANICAL SCIENCES SECTION 
6 issues per year. First issues published: 1957, Vols. 112-117. Current issues published: 
1960, Vols. 130-135. 


Subscriptions: 
$7.50 per year, individuals and indus- $1.50 additional to each price, foreign 
trial libraries (U.S.A. & Canada) $1.50 each, single copies 


$5.75 per year, AIBS members and all 
other libraries 


DOKLADY: BIOCHEMISTRY SECTION 


6 issues per year. First issues published: 1957, Vols. 112-117. Current issues published: 
1960, Vols. 130-135. 


Subscriptions: 
$15.00 per year, individuals and indus- $3.00 additional to each price, foreign 
trial libraries (U.S.A. & Canada) $4.50 each, single copies 


$10.00 per year, AIBS members and all 
other libraries 


PLANT PHYSIOLOGY e FIZIOLOGIYA RASTENIY 


6 issues per year. First issues published: 1957. Vol. 4, Nos. 1-6. Current issues pub- 
lished: 1960, Vol. 7, Nos. 1-6. 


Subscriptions: 
$15.00 per year, individuals and indus- $2.00 additional to each price, foreign 
trial libraries (U.S.A. & Canada) $3.00 each, single copies 


$11.00 per year, AIBS members and all 
other libraries 


MICROBIOLOGY e MIKROBIOLOGIYA 


6 issues per year. First issues published: 1957, Vol. 26, Nos. 1-6. Current issues pub- 
lished: 1960, Vol. 29, Nos. 1-6. 


Subscriptions: 
$20.00 per year, individuals and indus- $2.50 additional to each price, forei 
trial libraries (U.S.A. & Canada) $4.00 each, single equin, ee Ee 


$15.00 per year, AIBS members and all 
other libraries 


SOVIET SOIL SCIENCE e POCHVOVEDENIYE 


te per year. First issues published: 1958. Current issues published: Jan.-Dec., 


Subscriptions: 


$40.00 per year, individuals and indus- $3.00 additi lt h pri i 
trial libraries (U.S.A. & Canada) $4.50 cach, eiislema SS ee 
$20.00 per year, AIBS members and all 


other libraries 


ENTOMOLOGICAL REVIEW 


ENTOMOLOGICHESKOYE OBOZRENIYE 


4 issues per year. First issues published: 1958. Current issues published: 1960, Vol. 39, _ 


Nos. 1-4. 

Aap : Subscriptions: 
-00 per year, individuals and indus- $3.00 additional t i i 
trial libraries (U.S.A. & Canada) $7.50 sack, singles oi ann poe 


$12.00 per year, AIBS members and all 
other libraries 


Order from: 


AMERICAN INSTITUTE OF BIOLOGICAL SCIENCES 
2000 P Street, N.W. ~~ Washington 6, D.C. 


